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AUTHOR’S PREFACE. 

This book is an attempt to apply the results of colloid research 
to biology. The reader may find the undertaking somewhat bold, 
since the number of facts are so few, and the gaps so numerous that 
a complete picture is impossible. I find myself somewhat in the 
position of a palaeontologist who wishes to reconstruct the ancestry 
of the entire organized world from some chance fragments. Each 
day brings new finds which must be fitted into his plan and which 
confirm his views or show that he has been on a false trail. From 
the nature of things, it happens that 1 must more often indicate 
problems than report experimental results. This probably will 
prove a stimulus to those who wish to take active part in the de- 
velopment of our young science. 

I wish to state one additional fact: it was not my purpose to 
make this book exhaustive. I have endeavored to give a general 
view, and since the work is addressed to biologists and 'physicians as 
well as colloid investigators, I have striven to give a clear picture of 
the subject, disregarding moot questions. — On this account the 
“Introduction to The Study of Colloids^' was abbreviated as much as 
possible without danger of obscuring the subsequent parts. — Those 
who wish to study more thoroughly pure colloid chemistry, I refer 
to the excellent books of Herbert Freundlich “Kapillarchemie’’ 
Leipzig, 1909, and Wolfgang Oswald “Grundris der Kolloidchemie,” 
Dresden. 

Accordingly, in the arrangement of the first part, I have not fol- 
lowed the usual system, but have been guided by a desire to make 
easy of comprehension the matters most important to biologists and 
physicians. On this account I have considered it advisable to de- 
vote considerable space to the “Methods of Colloid Research.” 

Some new unpublished experimental data of my own and some 
placed at my disposal by others have been included. 

It is finally my privilege to thank all those w’’ho have helped me 
in the preparation of this book, particularly Professors H. Apolant, 
R. Hober, H. Sachs, and Dr. H. Siedentopf. I am especially in- 
debted to my dear friend, Professor Richard Lorenz, with whom I 
have discussed some of the chapters, and to Dr. and Mrs. Ziegler, 
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PREFACE 


will) iu)t only tlu‘ luhorious task of readinfj; lh(^ proofs hut 

also oluM’kisl !au*k tlu‘ iu(li‘X, pa^t» for pa|»;t‘. I aiu also p;rat{*ful U> 
luy |Hihli‘.lioi\ Mr. TluHnlor SitaukoplT.. who, l)y inU‘ili^(‘ut otKipera- 
tiou was i>f i^rrat assist aiua^ tt) mo. 
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TRANSLATOE’S PREFACE 


Titk translation of the first edition of this book was in hand when 
Professor Bechhold announced the preparation of a second edition. 
The translation was therefore delayed awaiting that issue in order to 
bring the volume up to date, and embody data obtainable from 
recent literature. 

The proof sheets were received in 1915 and 1916, but the transla- 
tion and revision were again delayed by occupation connected with the 
l)roseeution of the War. (Local Board Membership.) 

The translator hopes that Professor Bechhold’s presentation of the 
colloid chemical problems of biology and medicine will serve to stim- 
ulate greater interest in colloid chemistry among physicians, biolo- 
gists, and bio-chemists. His own reward, he has already found in 
the interest attached to interpreting the every-day problems of prac- 
tice'- from this angle. 

1 1 is to be expected that the application of colloid principles to the 
plienomena of life will lead to new and more rational theories of their 
dist.urbances, and it is hoped that an improved practice of medicine 
will c^ventually result The pages of this book indicate the begin- 
nings already made and suggest future studies. 

The translator acknowledges his debt to Dr. B. Michaelovsky for 
assistance with the translation; to Mrs. D. D. Pool for the author 
in(l(‘X, and to his publishers, Messrs. D. Van Nostrand Company, for 
thciir friendly co-operation. 

His debts to his friend, Jerome Alexander, he is unable to enu- 
nu^ratc. He owes to him, not only his introduction to colloid chem- 
istry, but never failing stimulation, encouragement and assistance 
witii the translations and the proof-reading: Any merit the work 
posse ‘sses is due to his collaboration. 

J. G. M. B. 

February 15, 1919. 

()2 WiiisT Eiciity-Seventh Street, 

New York City. 
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PART I. 


INTRODUCTION TO THE STUDY OF COLLOIDS. 




(lOLLOIDS IN HlOliOUY AND IMBDIHINE 


(uiAi’'1'nn r. 

WHAT ARE COLLOIDS? 

In spit(‘ of t.h(‘ fa,(‘t that t-h(\v havt^ a niu(*h witita* (lisiribiitioa tliau 
crystalloids, it is only a. litth' ovaa* lifty y(‘ars that, (‘olloids havt‘ IxMai 
sci(‘ntiti(^ally stiurual, Phuits and animals and all tlu‘ thing's \V(‘ manu- 
facture from tlu‘m, such as our clothing and t.h(‘ gri'at.ca* i)art of our 
h()Ust‘hold goods, a.n‘ (u)lloids. In tlu^ ycair IStU , Thomas ( iRauam,'** ‘ 
an Huglishmau, call(‘d at.t.(mtion to tlu' fa(*t that t.h(‘n‘ \v(‘n‘ substanct's 
which, wlum in solution, dirfus(‘<l through pandnamt. mcatibraiu's (dia- 
lys('d). Tlu‘S(‘ h(‘ ca.ll(*d crystalloids b(‘C.aus(‘ tlu* solubl(‘ (a*ystaUi^al)l(‘ 
substanc(‘s (c.f/., sugar iind salt) ))0ss(‘ss this propca-ty to a ma.rk(‘d d(‘- 
grc(‘. Substan(U‘s which W(‘rc lu'hl back by parclmuad. UKaubraiu^s 
h(‘ (‘alh'd colloids, ^‘'glu(‘-lik(s” b(‘caus(‘ ghn^ was t.lu' most <^haract(a'- 
istic of this group. lOveay discovaana* of a luav fimdanuaita.! pnncii)l(" 
is (‘asily l(*d into (‘xagg(a’ations; it so happtau‘d with (hiAUAM wlio 
opposed crystalloids to c.olloids as ^M.wo dist.iiu't. worlds of mattia'/^ 
though w(^ know now t.ha,t. all sorts of t.ransit.ion stag(‘s (‘xist.. 

In siHauaaling ytairs v(a*y f(‘W invu'stigat.ors conctaanal t.h(ans('lv(\s 
with (a)lloids. Tlu‘ vaay fruitful <l(‘V(‘lopm(ait. of organi<*- (tluanist.ry 
occupi(*d th(‘ atbaition of inv(‘stigators, who ncglc'cUal, as less 
important, a fu'ld which })romis(Hl havaa* imnu‘diat(‘ n'sults. Only 
in tlu‘ b(‘ginning of th(‘ new ccaitury was tluaa^ a nwaval of inUaa^st 
in colloid cluanistry. 

W(‘ shall not follow th(‘ liistori(^ d(w<‘lo{)m(ait furtlna-, but. shall 
giv(‘ a d(‘S(‘.nption of (H)lloids in a,cc.or<lane(‘ with t.h(‘ pn'Stait. sta,t(‘ of 
th(‘ s(‘.i(aic(‘. It must. b(‘ nobul at Uu^ outset t.hat., (‘V(ai t.o-day, tlu^ 
b(‘havior of a dissolvaul substama^ towa,rds a partitioning membrama 
that is, inability to ditTus(‘ t.hrough it, is tlu^ ('Ifu'f (‘harachiaistic of 
a dissolved (X)lloid. 

Many colloids form wit.h rKpiuls, (‘sp(‘cially with wattT, a mon^ or 
l(*ss thud solution. tiam das/ar.s/oa is i)r(‘f(‘rn‘d l)y AicniUH W. 

Thomas in a naamt discussion on NonRaiclaimaa Heit^ma^, N. S., 
Veil. XLVII, No. 1201, p. 10. Tr.| Thissolution is calkal a .W. (from 


* Aii * ufl<*r an antiior’s luuiic rofers to tlu* n'l’crciHa* in t he index of authorn. 
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Si)lutit> “ si^lut’umK \\ t* spt‘ak uf silver sols, albumii\ sols, (‘te. "riu' 
liissuiviHl sti!»>taiu’r iu a may by varuuis iut*aus bt* s(*parattHl in an 
ainor|)!inus form that naains morn or h‘ss watnr. This fonii is cali^Hl 
a iiii^ ifrom >inularity ttt a<*latina If \vn add salt to a solution of 
cnlloitlal siivnr, \vr obtain a blank sodimnnt (‘ontainin^ vary litth‘ 
watnr. thn silvnr I’rh If wo boil a soruin solution, tlu‘ tadin* mass 
Mihtiiftos to a, jolly that tltn*s not allow a S{*paration of watta* and 
alinimim tlu* albmniu ya*!. 

Sols. 

As thi‘ rostairohtv^ of (bian wi havt^ alnaidy shown, sols in ^onoral 
art* snbNta!M*o> whioh >ubdivitlo iu thoir solvmds into n‘lativ(‘ly 
lari^o partiolo-'s or whioh pi»ssc*>s vory lari»:o imvloouh^s, so lar^o that, 
in taattra^l uilh tho iiiohn’uh's of wator <>r orystalloids, t!n\v an* tin- 
ah!o Ihromdi tho poros (ff an animal skin or a parchmont. 

inoinhrata*. t ‘homioal at’oumi^ indioatt* that albumin possi‘SSi*s a 
Vory larao moloonlo, I A on tiioui».h \v<* won* to assunn* that it sitlit 

intt> sinidi* moloru!^ iti a«|iM‘t»U'^ solution, thoso aro so lar|i;t* that 

thoy aro tnia!»ir to pa throtiah an animal or voji;otablo momhrano. 
Aroordinidy. tla* intaot momi»ranos of tin* ot^umism pndia’t it from 
liiss of atbmuin: ou!> iu patliohadtaal (*out lit ions as iu disoasos (jf tlu* 
kuinoy.^ 1 ' diios albumin pa'-‘^ throui*h, 

Suloi|anoo‘^ liko albumin,'’ stiluldo starrhi*s, ott*., aro to a oortaiu 
oxtont inhi'rrntly {’olloiib. Ivvory furth(*r subdi\*ision of tin* oolhad- 
ally tliv'olvod partioioN wtnild liavo to bo asso<‘iatod with a. sijlitting 
it! tho moiorulo. and tho frauunonts an* oortaiuly no lon|i;or albumin, 
but album* r-«.oN-, p* »1\ po|»t ith% amin<»-aoi<is, ott*. 

It ot!iorui^.o in tht* **a’‘»o **f oortaiu artifioial oolltnds. Aotau'd- 
iii|t t<* tb Hin:iu*» ami Tii. Svmmmuj, i;old, silvi’r, platinum ami 
otlif-r inotal^ inu>' b** oloolrioally |mlv**ri/a*d umh*r wator av in organic 
fluids Ir.f/,, isolait yl ahadutli. A*’**oniin|4 t^o tb WntmiUN, silic’a, 
vaiiadio aoi«|, and tuta-r ’mb^tano**s may by moro trituration Ih^ 
rodiiot**! ti* rai'iiaaruoii''^ wlt**^** parli**los ar** so small that fla*y oan- 
not bo rooogiii/.od nnorosoopioally , If tho olo**trioal |>ulvorizatimi is 
ii«*oiimprn4n-'il in wator \v!m*h is pniotioally fro** fnan **!o**trolyto.s, wi* 
obtain a solution wlii*’h i-^ r***l in tin* oaso of ix‘dtb brown in tin* oas** 
of silvor, and ^roonisfi blai’k witli plutinum. solutions nanain 

^ \hiiiV rrrraf jMithni-» liildo* a!t»l "j*‘lly” syaonym<»u.M. It sinatiH 

pfrfrrfihlo 111** i»» iiso thr r\|*n*-nion h»r tin* o>ni|>rrhi-aMiv<‘ 

|ihriiuiitriiiiii -iitd tn fho Word ‘'j‘*lly’' du* lou of a hydno 

■' Uhi'ii I ri-fr<r to alhninin. I nwuu alhnntin nloolutoly liusplit, whotlifr it 
III’ i‘«i? alimifan »*r nJiihiiltit, »Ur., ;tH «»ppos<*«i to ulhninoHrM wla<’h aro rl;i%4i!ii*tl 
Iii4 tilhtllliiio 111 .Hiifiir li'Xilioolai, 



WHAT ARK COLLOIDIA 


im(^lian»'('d for mouths providod tlu^y proscM'vtnl iii J(Mia ji;lass, 
which yi('lds no clt'ctrolyh^s to water. Tlies(‘ colloidal gold, silvi^r or 
platinum solutions consist of mor(‘ or l(‘ss lin(‘ nu'tai partic^h^s, (‘a(‘h 
of which often comprises thousands of nudal mohanihss. By varying 
the stnaigth and temsiou of tlu^ curnait, finor or c-oarstu' partfclc^s 
mtiy b(‘ obtained. 

Gold, silv(‘r and otlu'r sols have Ixhui pn‘i)ar(‘d from gold, silvan' 
and othc‘r salts by cluanically lib(n‘ating th(‘ nu‘tal. A(‘(‘.ording to 
tlu^ mtdhod of prc'paration, tlu': im^tal is oi)(.ain(‘(l in a mor(‘ or k'ss 
fine states of subdivision. If t.h(‘ nu^tal sol is on(U‘ prodiuaMl it is 
imi)ossibli^ by tlu^ solvcnit alone to make': tlu^ part.i(‘l(‘s st/ill smalkn* 
(without using cluvniical nutans), llnliki^ albumin tlu^y do not havm 
tlu^ tinuhnicy to disiid,(‘grat('. of th(nns(‘lv(‘s in solvinit. W(^ (*an 
accordingly (aill thinn artijiclal coUouls, Ixa^ause tlu'y (am lx‘ l>rought 
into su(*h lin(‘ subdivision only by arti(ic,ial nxauis. If on(‘ w(n'(‘ t.o 
furtlun' subdividi^ tlu' mokxmkvs of sucJi arl.ificial (‘.olloids, tlu‘ mok^- 
cuk‘. would nnnain intact; gold would nnuain gold, and silvan', silver. 
11. ZsiOMONOV * has pn^pansl gold solutions so limply subdividial 
that tlx^y aiiproach mokanilar dinnnisions, and Tn. Kvioonrunj has 
shown that, wath th(‘S(‘ gold sols, and also with s(‘kniium sols, the 
fnuT th(^ subdivision, tlu^ ixauan' th(‘S(‘ substaiua^s approai'.h in cailor 
and light absorption th(‘ir r(‘sp<‘(*.tiv(‘ mok'cukir sohii.ions. Fu genunaU, 
liowt^vaa’, the artilii^ial sols wlfutli (am b(‘ siaai in th(‘ ultrajni(n'os(a)p(^ 
consist of much (*,oars(n' particl(‘S than tlx^ natural sols. 

Whik' th(‘ ch(nni(ail (‘institution of in()rgani(‘. (a)lloi(Is is nwaaikal 
by th(‘ir nu'tlxxl of pn^paration, nothing was ktiowai (anuanaiing 
(a)nstitul.ion of natural orga,nic (ailloids until 1913, vvlum Bmii. Kisianou 
siKaanakal in synt.h(9 iiailly pr(‘paring organic colloids nvsembling 
ta,nnin and having nu)kM‘,ular weights a.b()V(‘ -lOOO. Exa,(‘.t knowhalgc^ 
of th(^ (^lomicail (X)nstitution of tluvse substaiujes will revcail much to 
(iolloid r(^sea,rch. 


Suspension, Emulsion, Solution. 

By Husj)(md()n \vc mam th(‘ floating of a iiowdiT in a fluid, c.f/., 
(‘.lay in wat(T. An eniuhion. is tlx^ minut(‘ division of oiu^ fluid in 
anotluu’ witli wlfu^h it doivs not mix, r.(/., oil in milk or wat(U'. 'fho 
smalkw th(‘ parti(^k‘s of th(‘ “dispiu'siHl phasid’ ^ (of. p. 11) of th(‘ (‘kiy 
or lh(‘ fat, th(‘ longia* it i.alovs for tluan to s(‘paraf<(\ Such a susp(‘n- 
sion or (‘inulsion, in whic.h th(‘ disixa’sixl i)has(‘ is (‘asil,y dist.inguish(‘d 

’ Portions of a siructun* H<‘parat(‘(l from oth<‘r by pliysicnl siuT;um*s are 
(ailksl (WiLH. ( )st\v.'\li)), A inixtun* of oil and water ronlains two pliasea 

Oil is on{‘ plms(‘ ami water tlu* ot-lus*. I)ivpers<‘d nu*ans seatti'nsl, distributed. 
In th(‘ aboV(‘ (‘xainpl<‘s oil or eJay is the “dispersed phase*. “ 
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i) 

iuim)St*upu’ullv\ muy la^t iiumths and t‘Vt‘u y<‘ars. Duly about a 
(Ircadr a^u thrn‘ wa^ an animatt'd disrussiou as to \\iu‘tlu‘r tho known 
inori;anir aolhsitis as aulloitlal silver, ^olil, arstaiic sulphid, 

Prtissian !»lut\ rh*., wm* susptaisions or tnu' liomoi^tauanis solutions. 
Si>nu* {‘vidrni’o \va^ a.i!:aiiist tluar Ihuuil*; consuh'nHl hoinoi;(‘iu‘ous 
solution*-: i»lh»*r t‘\ itloncta howovrr, favon‘d this vitnv. Minroscopi” 
<‘ally. tla‘y >tMnnoil antirrly htuuo^iau‘ous, aiul they could not bt^ 
st‘paratfd fn»m llicir solvtuds by mechanical imams (jilt ration or 
cent rifu^atiou a 

It was iiuly b\ means of th<' ulfr(tniicnisci}p(\ inviaittnl by 11. 
SiKUHNnun- autl lb Zsn;\uiNnv (IPOM), that it was convint*in|i:ly 
shown that they were suspensions and not Immoii^iaieous solutions. 

After tins point was settletl, the furtlier puestion an>s{* as io 
wliether |^t*latin, albumin sol and likt* substanct‘s Wi*n* to bi‘ im)!!- 
siilertsl true solutions. 1 ndta* the ultramicroscop(\ they also shoWi‘d 
tiny particles, wlticli, hinvf‘vei% were by lU) means ns numerous as 
mi|4ht liave betai e\peet<'d. Kvidently most (vf them wen* invisibh‘, 
and it wa-^ uncertain u bet her this was due to (‘onditions of rt'frac- 
tioiu or whetlier tlie larger part of tht‘S(‘ substances was in true solu- 
tion. dliiH i|Ue lion \va . settlod by tin' mt'lhod of itltm/iltnifunt 
iiuenfed by II. !ii;t nmu.n in IbOtk By a sutlieiently impernu'abh' 
jelly hll«'r f a/fni/ilfr that i’-. by a pnrt'ly meehani(’al pna^ess, lie was 
able to separate olution - »»f aliuimiiu ^I'latin, en/ymes, toxins, t‘tc., 
fnan tlnir aqneou^ olvent. Nth only tlitl albnmin, |i,elatiiu tht*., 
prove bi* sU'.penviunv, nr emulsion.s, bid in adtlitiou, snbstaiuM'S 
wlnise true Milubihl) IumI hanllv bt'en tpiestioned, ea/,, most of tin' 
allnimoHeM au«l vwu tltwlrin wlnise mt>let*ulur wei|^ht hail btnai plat'etl 
at about HMMk and whieli had praetit*nlly betai elassified us a erys- 
talh^id. 

It in ah»o po!^>i!4e tti Hiammplish surii a st'paratiou l»y mt'ans of 
Oaib'f bif/ufien . Ilv crut ritnaut it>u at b.OtH) rt*v«>tutions pi*r minub\ 
H. Ilia Iimu4» '-eparaleii etilh»itlal .^ilvt*r sttls U’ollaraoll into eoarst*r 
and finer partiele-., 11. lAnunKNaaiAL has reetadly eons! ruettal 
ctail rifuaes ftirnina fiann ItktMKI tti Mtkt^tit) rt'Volutions per minute, 
IfV means f»f whieli he can sepanite tin* lai-sein tianu ctnvs milk. 

Wt* must lien- refer to tin- th'fmitiou for ‘dumnHiwneous’' anti 

In amt^tent'oin- ''Sihiiion** ii,iven by H. \\ . li.vKnt is Htm/.ninaM, wIiom* 
pn*matin’e death we lament; *‘\\e call a system lionnt|i:«*neous, it ail 
its nn*eliaiiieally .M‘parabh* |)arth*les possess ila .on/ie comptmtitm and 
the *'Sinn* phv'-ical iiropterties. Tlnu’efore, this !iomo|i;t*neity ot ctm- 
stitufio-ii exi'4.s ill a w'elbmixerl rn|uid only l>eeaust* of tin* smallness 
of moleeules and the i*oar>eness of tmr means of ohservat ion.’* 

We niinmt sneak of a tlefinitt* snhiffility In rt‘spetd tti susptmsious 
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and emulsions, for within certain limits, wc' are able to suspend as 
much clay or emulsify as much fat as wc wish; tiie ‘‘liner'’ th(‘ clay 
or the fat is subdivided, the more “dissolvers.” Tlu^ sam(‘ thini^; 
holds for colloids, which are characterristically dirf(‘r(‘ut in this re- 
spect from crystalloids, the latter having a sharply d('liiu‘d solubility. 

As a matter of fact we can get “supcTsaturatcHl solutions” of 
crystalloids, and certain small additions in(‘.r(^as(^ tlu^ solubility dis- 
l)r()})ortionately. Such additions (c.e/., albumin, albumovsc's, g(‘latos(r, 
dextrin) when employ(‘d in tlu^ case; of sus])(msions and colloids, an^ 
called protective colloidi^ (sclnitz-kolloich') bcHiaus(^ they prot{‘(‘.t tlie 
lixiviated clay or fuurly dispersed silv(U‘ from s(rparating out. 

As indicatexl, many of tli(^ pun^, inorganic sols, (sspcre.ially tlu‘ m(rtal 
sols obtaiiuid by electric pulvc'rization, an' vc^ry s(‘nsitiv(‘ to vlee-- 
trolytc's by whicli they are (‘asily pnaupitaUHl, wlurn^as on t.lu‘ (*on- 
trary natural colloids tire r(rlat.iv(‘ly ins('nsiiiv(^ Tt has b(r(‘n shown 
that tlu^ a.ddition of certain natural sols aed-ing as prot(rct/iV(r (colloids 
giv(‘s nuvtal sols, et(‘.., i)roi)(rrti(rs whiedi caus(‘ i.lurm to approaedi tlui 
natural sols in stability. 'Vhe inorganic colloids (‘mploycHl in nu'di- 
(‘int‘, such as c,olh)idal silv(rr (collargol, lysargin), (U)lloidal calom(‘l 
(kalomelol), colloidal bismuth, (d(‘.., ar<i all dabilized l)y proti‘(d<ive 
colloids. 

Thus wc see a (‘ompletc transition from the suspension a,n(l (emul- 
sion of insolul)l(r substanc.(rs, to tlue true solution of (uystalloids, wluu'c 
there ocaeurs a disinb'grat.ion by tlue solvcait, wbi(*Ji is so profound in 
the cas(e of (‘hadrolybes, that tlu^y sc^parai.te into tlu'ir eltaetrically 
(harg(‘d atonw (ions). As everywhere in natun^, lu'ne too tluTce are 
no sharp lin(‘s of (hunarcation. We c,atmot deny that at a (aud^ain 
size* th(^ parti(;l(^8 p()ss(‘ss th(^ cxilloidal propeudfu^s, (‘sp(a‘.ially 
tlioH(^ (xmdii/iomal l)y surfaci^ plnuiounma. Tlu^sc: prop(udh\s tl(‘(‘,r(*ase 
wluai th(^ partichas an^ largtu*, f.c., if tlu'y aj)proa(di those' of tnu' sus- 
p<'nsions or (unulsions; or when tlu^y bc'conui smalhu*, f.c., if tlu^y 
approach th(^ moh'cular (H)udition. 

Tii. SvKDBEiui*^ has shown that th(‘ light absorption of (‘olloidal 
gold and stdemium incnaisi's as tlu^ partich's bi*(‘.orn<' smailtu*, r('a<dH‘S 
a maximum in the ami(;roscopic fudd, and again d('(‘.r(‘as('s as ihe 
partickis approach mok'cular dinuaisions. Iti is nob'worthy also 
that at a cc^rtain d(‘gr(‘x*, of dlsp(‘rsion tlu' tiiudorial pow(‘r r(*aclies a 
maximum whic-h in tlu' cas(i of gold is forty t.inu's str()ng(‘r tJian tlui 
powtirful (‘.olor fmdisin. Tlu' (*olor of colloidal gold having a paidhde 
si%e of 10 to 20 gg is ruby r(‘d; wIkui tlui partick's an' smalk'r it is 
fuchsin nxl; but wlu'u tlu^ partudes an^ still smaJk'r t.lu'. (hjIop Imh^oiuc's 
ycdlowish n'd. hi otlu'r words it approacdu's the' color of gold salts 
(auri(t (dilorid) in which ihe gold is mokHuilarly disp(‘rs(‘d. 
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To riH'apitulato: I'ho ohiof t‘h:ir;u*U*nstic‘- of sols is tiu^ larji;e size 
of thiir parlirlo'-.* \vhii*h an* uuahU' to ptiss ihroup;h vc^^’otablt^ or 
animal mombratifs. Fho natural siz(‘ of tlu‘ i)art.iflt‘S accounts for 
this in tlu‘ case t>f uniurdl so/x, whiU^ in arlijlcidl sols it is (l\ic to the 
<lcfci‘ts ijf tnir tt'clmic. uliich hitherto has not pennittcal our pn^p- 
nratiim i>f su<‘li .'-uhstances in mohaailar, or (‘veii approxinuiU^ly 
molecular sulnlivisiou. 

h'his criterion is only valitl for t'xtnam^ cast's. Bthavtaai iht' un~ 
(luuhttsl t‘olhtuls, albumin, and tla* undoubttHl (‘rystalloids, ra/., 
amino acitlN, there are all kinds of transition forms, which [)ass 
tliroui^h the samt‘ membranes mon‘ or h'ss ra^pidly, c.t/., albumost\s 
and pepttaies. ’There is. iiuleed. fio sliorp line of ilionorcittion. bt‘- 
tWi't'U tndloid.H and cry>talh)itls. 


Gels. 

It mi^ht 1 h' inh^rred fnmi tht' nomtmclatun' (colloids and (Tys- 
talhmB' that tlc’ main dist in^tiishini«: h'aturt' was tlu' ability or 
inability tt» <’ry^ talli/e. It i^- a fact that most (‘rystalloids, /.c., sub- 
stauisr^ whicli pa ' tlirnuidi membraiu'S, an' (‘rystallizabh', wlu'rt'as 
inset t*iilloisli are lu*! able to bsrm <‘rystals wlu'u tlu'y st'paratt' from 
solution. Ilstwevta*. tin ^ not a railicnl difh'rcm'ta simu' (‘p;g albumin 
and heiuo|ds»bin wldi’h are umloubted colloids may bt* obiaiiu'd in 
beantiftd cr> .tal amt I have further tsstablislunl by ultratilt ration, 
the colhaslal nature ssf tht* sohttions of the alkaline salts of tlu‘ fatty 
lands o.s/., uleii’ acul* which ah<» form t;'ood (nwstais. ('olloids usu- 
ally separate from their solution in unfornuMl masses (ndh'd {H'ls. 

If tht* solid |tha e bt* st*parat«Mi from crystalloid solutions, it. may 
form either cr\ • tal^ iu* a : Tmhtly or evcni an <nitin'ly amorphous pr(‘- 
thpifale, t hiboifta! tna lals sepaniti* from a. solution of common salt 
<iii evaporation or a<!dititm of ahM)lu)k and crystals of NhpSO.i ■(” 
III H;4 1 Hefiarate frsun solutions ol (ilaub(‘r’s salt (sodium sul- 
phaf*“U A wliiti* precipitate of barium sulpha, ttn which has hardly 
any defmite form, ^-epandes from a sodium sulphatt' sthution upon 
ii«l'diii|4 luirinm chlorid. A substant‘<* of constant, (‘hemieal (‘oni- 
podtion e.x^peeially an rerf^artls water (‘outent. is ohtaimul if the im- 
pt.irilie.s. i-i|.teeially I la* extraneous wate‘i% an' nnnovtnl hy tilt ration 
from the m'.stals or precipitate. To return our examph': tlu^ 
sodium chlorid erystuls and tin* barium suli)liutc' an^ water-frt'C, 
whereas tin' sodium sulphate etmtains It) moleeuh'S of wattT to oiu^ 
moletnile of Xa;8tl|. but it is water-free above AT i\ 

^ Hv flit* IlmiUidi Ii luembrane, I lueaa (^specially pjuisa|j;(^ hy mauin 

tf iliniyuvi. In inaiiv ea's«-i w»* may HuhHtitttte ultntfiiirnlltui, provided ulirafiltcTH 
of .OlirH'irftf f are rlopI»»yed Caee p. H)2). 
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Gels behave differciitly; in i’acjt then^ tiiv a iminl)('r of colloids 
winch separate from tluur solution almost watcn-frcn^ If sols of 
gold, silv(n', ])latiuum, arsc^nious sulphid or antimony sul})hid hydro- 
sol, ])rc‘|)ared according to the imdJiod of BuuDKi or tlu^ nudhod of 
SvuDBUiuj, pr(K*.ipitat(‘, that is, S(‘parat(^ from tlusr solutions in the 
form of Hocks, they ar(‘ almost fnn^ from waten*. Many inorgaiu(‘. sols 
(Lc., th(^ artilicial on(\s), and according to my kno\vledg(^ n(‘a<i-ly all 
fialural organic sols, n^tain a largx^ (piantity of wat(‘r upon s(‘paration. 

(ithitin is the most characteristic gel; its aepu^ous solutions (con- 
taining only 1 ])(a* (umt of wat('r-fr(M^ g(Hatin) g(hitiniz(‘ at ict^-box 
t(‘miK‘ra.tur(‘. FurtiKaanore, otlua* sols, suc.h as (‘gg albumin, st.ar(Hi(‘s, 
silicic a(‘.id, iron oxid, (diet., on s(‘paration in g('l form lad.ain many 
times tiuar own weight of waba', an<l form ji‘lly-lik(‘ mass(‘s in whitdi 
tlui proportion IxdAVcaai tlu^ solid suhstaiuu^ and (he reUilnv.d solvent 
is by no means conslanL Ac, cording to tiu^ cir(nunst,an(*.(‘s at.baiding 
the s(^paration, tlu‘ amount of wat<a* Indd fast in tiu‘ g(d has wide 
limits of variation. This is a cardinal distiindion. In ac(a)rd with 
it, I hav(^ adopt(‘d tin' happily (dioscai nonKandatun' of J. Pkiuun 
and call such colloids as throw down a ])ra,ctically waiita-fna: hydro- 
g(h hydrophobe and those which prodiuu' a hydrogtd swolhai and n<di 
in waba', hydropiiile colloldsd 

Th(‘ gels of hydrosols (cf. p. M) stahilij^isl by prot(‘c.t-iv(‘ (H)lloids 
an‘ sonu'whati hydrophih', h(‘caus<^ v(a\v minut.t^ (piant,iti(‘s of pro- 
te(‘,tiv(^ (a>lloid are sulFafKaii to giv(^ th(‘ inorganic sol tht^ i)rop(a*ti(*s 
of tlu‘ proba;tiv(‘ colloid. 

The Structure of Jellies. 

JeUi(‘s an^ fornu'd from tluar n'spcad.ive sohitions by such })hysical 
and cluanicail change's as would (auis(‘ the' se'paration of eawstals in 
the solutrion of a (a\vstalloid, e.g., hy (tooling, l)y n'lnoval of water 
('itlier by a (duanical (diange or hy forming an insoluhlt' substance' (c.f/., 
by boiling or by acidifying an albumin sol). It is thus appan'ut that 
j(dli(‘s are' to be' c,onsid(a*(‘<l two-phas(‘d structure's. 

Two phase's are' muedi more' obvious in c.e)agulab'el c'gg albume*u 
wlmse' opaedty atul whiter (*,ole)r sugge'st a non-homoge'ne'ity of sl.rue*- 
ture. Re'ceaitly Baoumann * ha,s dcanonstrade'el ult nunie'rose'opically 
the tw(>-phas(‘el siruc.ture^ of irranspanait, je'Ilie's siudi as ge'Iaiin anel 
siliede* aedel. In gedathiizing, it is ewident tha-t. gra,nuhir lloce'ule'nt 

* I ine'iiiioiH'd :tl)ov(‘ tluit as far an I kae'W all naiura,! organic sols arc hydro- 
jdiilea It might Ix^ ohje'ed.e'd that e‘j)id(‘rmis, hair, fe'jitlH'rs, hark a-nd nuim'rous 
othe'r ve‘g(*ta!)l(* stnu'turcs are^ de'posiUal from natural sols a.nd he*com(' veay 
poor in wah'r. d’his is me't hy the' a.sse*rtion that wlu'n tfu*y are^ d<'posit.e*d tiny 
contain mu(‘h wate'r an<l that the^ loss of wab*r or <hying out oceairs Huhse'^pumtly. 
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and t‘vi‘n (‘rystalliiu^ parfu‘U*s, vjj.^ in soap jellies, unite to form 

lift like st ruetures. 

J. M. \*.vx Bkmmklkn compart's tlu^ pro(‘(\ss of sc'paratioii of 
(‘(^lloids witii tlie ajiulition tlcdat‘(‘d from iht^ phase rule goveni- 
iug tht* st‘p;iratU)U of two Iluids nut miseible in, till proportions, e.g., 
\vatt‘r atid pluiiol. In also, we luiv(^ a phasi‘ eoutainiug much 

(Hilloid and little watta', and auotluu' phast^ eontaining little colloid 
and nim‘li watta*. ddiis eoiua^pticyn of the struet.un^s of jellies and the 
process of st‘paration is du(‘ to J. M. Van Bummiolkn, O. Butschli, 
W. li. Hahdv, th QriN(‘RK, U. Zshjmondy and W. Baciimann. 
dlie vitavs tyf i), lO rsmia an‘ not aee(‘pt(Hl nowadays. He inain- 
taiiunl that j{*llit‘s anc hroadly sp(‘aking, foamy st nuh, ur(‘s having 
micnyseopic t‘avilit‘s with firm md-likc^ walls filled witli fluid. Such 
a strut*! un‘ ean ot*eur tmly (*x.et‘ptionaIly. 

The conet*|ititm t>f jellies as spongy strut*! un^s gives \is a satis- 
factory expluuatitm of tht'ir pn)pt‘rti(‘s. It (‘xplains ihtnr solidity 
unit tlaar plasticity, their (*lastieity, mul in short. th(*ir various physi- 
cal pn yperties. 

The above as,stimption finds t*orroboration in anothta* obstawation, 
thnnigh the fact tliat jellies also act as tilt ra, fill (a*s a.nd (U)nse(pi(aitly 
must be pentaratefl {ly fim* capillarits whosi^ dia,nu*.((a* has been 
deti*rnuneil by liiuaimuay (sta* p. Ub). d'lu^ ptau'tration of jellies 
by tine capillaries tille<l with ilui<l was dianonst ra.ted by a.not.lier 
(jbsta'vation. II. IbuanioU) and .1. ZiKOUFat* allowtal salts which 
Would form precipitali‘s with various prop(a*ti(*s to diffuse towards 
i*acli other in gelatin, e.</.. potassium fi*rro(‘yanid and coppta* sulphate 
wliieh torm a coppea* ferrt>eynnid nuanbraia* laitin^ly inpKa’vious to 
i*lect rolytes; silvf*r nitrate* ami S(ydium chlorid whii‘h form a silvia* 
cliliuTl inemlu’ane which is permtaibU* for <‘le(*t rotyt(‘S if tlu* osmotic? 
pressure is lugher <ni iuie side tlian on the* otlaa*. Mic'roseojuc*. sc'ctions 
through the membranes formcHl by the* pn‘eipita.tc*s prove t.hat Urn 
gelatin is ntJt debinmsh Ae(*ordingK% wlu*n dilTusion ec'asc^s, it is 
beciiuse the dilTusion paths havt* beam obst ru(*t(‘tl, /.c., a. pnaapitade 
lias !»een fornu*d in the fluid phase* so tliat the* paths an* (*los(*.d and 
of course the gi’lalin walls which camtaiu little? wat(*r an* impassable? 
for elec! roly tes. llemclting is .suirnmmt to n*op(‘n tin* dilTusion 
paths, ANnKicsoN det(*nnim‘d a diamel(*r of 5.2///^ for tlie? largest 
port's of silicic aci«l jt*l!y from the* vapor pre‘ssun‘ n‘ducfion which a 
fluid umh'rgtHss in twliudrt<*al (•a|)illari<*s. 

Ibitil now wt* luiVt* assuiueel that sols (*xist tyiily' as aciU(*ous solu- 
tions am! that flam* arc only aepnanis g(*ls. This is lyy no m(*ans 
Inn*. Hvtm "I'iiomah i iuaham * shoW(*d that wvatc*!* could he* r(‘plac(‘(l 
l>y alt*ohol and glycerin. Tin rivKuimuo pulverizt*d num(‘rous nmtals 
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in organic fluids especially in isobutyl alcohol. R. Lorenz has even 
made metal sols in red hot solution (pyrosols) by electrolysis of 
molten lead and cadmium salts, etc. To distinguish them from the 
water soluble hydrosols and from the hydrogels we call them organo- 
sols or organogels and according to the solvent as alcosols, etc. These 
do not occur in nature and are therefore of no importance to us. 

An investigation of such colloids as haYe fats, lecithin and cholesterin 
either as a dispersing medium or as a “dispersed phase” (cf. p. 12) 
would certainly be of great importance to biology and medicine. 
The fact that fats and oils, especially mineral oils, may serve as a 
dispersing medium for colloids has been mentioned by D. Holde * 
in his work on the “physical condition of solid fats” and this was 
confirmed by investigations of H. Bechhold,^ who was able upon 
ultrafiltration (through a toluol-glacial acetic acid collodion filter) 
to hold back from a crude oil a part of the asphalt colloidally dis- 
solved in it.. Recently C. Amberger dissolved a series of metals 
(gold, silver, platinum, arsenic, etc.) in lanolin. Some of these 
solutions have therapeutic application. 

By ultrafiltration H. Bechhold separated from commercial 
chlorophyl the coloring matter and the wax-like products which were 
evidently held in colloidal solution. 

Protective colloids also exist for organic fluids. Iron oxid gel and 
iron oxid hydrosol, rennin and trypsin, as well as albumoses which 
are completely insoluble in chloroform, become soluble in it with the 
aid of lecithin acting as a protective colloid. 

Thus far we have sought to obtain a picture of what we term 
“colloids” and now we shall strive to elucidate upon what their 
properties depend. In solutions of colloids and in gels, we have 
mixtures of solids or of fluids with fluids. It has for a long time 
been known, that at the interface between two substances which do 
not mix (air and water, oil and water, glass and water) there occur 
phenomena, called surface phenomena. For instance, the surface of 
water in contact with air acts as a pellicle; if we allow water to drip, 
each drop reaches a considerable size before its weight breaks through 
the surface skin or pellicle and the drop falls. This surface skin is 
much weaker in the case of alcohol, so that drops of alcohol falling 
from the same tube are much smaller than those of water. The fol- 
lowing is another example of a surface phenomenon: oil forms a 
sphere in a suitable mixture of water and alcohol; if we raise the 
specific gravity of the water by removing some of the alcohol, the 
oil rises and spreads out over the surface of the water. 

Such surface phenomena are very numerous; they are brought 

^ Unpublished. 
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about by the fact that different conditions exist in the interior than 
exist on the surface of the fluid or solid body. In two-phase 
systems, such as colloids, in which the interfaces reach enormous 
dimensions, surface and capillary phenomena become most promi- 
nent; in fact, they are in many ways the most characteristic phe- 
nomena of colloids. Two fluids which do not mix are described as 
two fluid phases”; it is possible also to speak of a fluid, of a solid 
and of a gaseous phase. In order to give expression to the great 
sui'face development in a sol or gel, Wolfgang Ostwald introduced 
the very happy expression dispersed phase. In a silver sol, silver 
is the solid dispersed phase; in an oil emulsion, oil is the fluid dis- 
persed phase; in both, water is the dispersing medium. Colloidal 
solutions and gels are all dispersed systems. 

[Of interest in this connection is the work of G. H. A. Clowes and 
Martin H. Fischer. Tr.] 



CHAPTER II. 


SURFACES. 

We have seen in the preceding chapter that both colloidal solutions 
and jellies are to be regarded as two-phase systems. In dispersed 
systems, the surfaces of contact acquire an overpowering importance 
by reason of their enormous development. 

In order to get an idea of the increased development of surface 
attending progressive subdivision, I give below a table taken from 
Wolfgang Ostwald: 


Edge length 

Number of cubes 
occupying a vol- 
ume of 1 cm.® 

Total surface 

1 cm 

1 

6 cm. 2 

0.1 cm 

103 

60 cm. 2 

0.01 cm 

106 

600 cm. 2 

0.001 cm. (The diameter of a human blood corpuscle 
is about 0.0007 cm.) 

106 

6,000 cm. 2 

1 M ( = 0.0001 cm.; diameter of a small coccus). 

1012 

6 m.2 

0.1m 

10^6 

60 m.2 

0.01 M (Limit of ultramicroscopic visibility) 

1018 

600 m.2 

1 mm ( = 1 millionth of a mm.) 

(The diameter of the finest colloidal parti- 
cles; limit of ultrafiltration) 

1021 

6,000 m.2 

0. 1 mm (Diameter of elemental molecules) 

1024 

60,000 m.2 


From this, we can understand how small surface forces may, in a 
dispersed system, become most important, and mask other phe- 
nomena. We shall proceed to the study of the properties of sur- 
faces in the following pages. 

If we compare a point A (Fig. 1) in the interior of a phase, e.g., 
a fluid, with one on the surface A', e.g., in contact with air, we notice 
that the former is surrounded on all sides by an impervious mass, 
whereas the latter, surrounded on only one side by such a mass, 
experiences an attraction to the fluid phase. The pressure with 
which the surface layer is drawn inwards is called inward attraction 
(binnendruck ) . 

If we imagine a drop of water to be on a surface which it does not 
moisten, e.g., a leaf, there is a pulling towards the center from all 
sides, which means that the drop takes a spherical form, in order 
that it may have the smallest possible surface. The surface acts 
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liki‘ ail (‘lastic skin which surrounds the drop. If we drop water 
fiom a tuh(% the drop develox:)s in size and is retained by its skin 
until tlu‘ ine.naising weight tears it away.^ We call this force which 
d<‘t ermiiH's t-he tension of the surface, the surface tension (or). A fiat 
surta(*(‘ ot wati'r of 1 square cm. endeavors to contract with a o- of 
about 0.075 gm., when it is spread out like a soap bubble with air 



prisssure. Every change in shape of the sphere of water, i.e., every 
men‘us(‘ of th(‘ surface, presupx)oses work; this depends upon the 
surfaei‘ an^a (co) and the surface tension (<r). Surface energy = a • o) 

surfaei' (^lu^rgy , . dynes 

or ij ^ - c^xpressial m 

CO cm. 

Tlu'rt^ ar(‘ many methods for determining the surface tension. 
Somi‘ of tluan (h^piaul upon the shape (distortion) which the sur- 
fat't* of a fluid t,ak(‘s; some, upon the height to which a fluid 
aset‘U(ls a (‘apillary; som(‘, upon the determination of the maximum 
winghf at taiiuHl by a falling droi:>. Detailed descriptions are to be 
found in (‘V{‘ry large treatise on Physics, such as H. Freundlich^s 

Kapillarelu'inic'.’' 

A numbt‘r of valu(\s of cr are given as examples. The a of water is 
det<‘rmiutal most fn^qucmtly; it has the highest a of all the sub- 
stances whi(di ar(^ fluid at room temperature (mercury excepted). 
The various mcdliods give quite divergent values. The values given 
hcaa* an^ in {*ach case the surface tension towards air. 


(Haul/iur) 

O' 

Water. 7I.7-7().8 

Merrury -iJir) 

Hrnzol 28,8 

Kthyl alcohol 22 

Fthyl <‘ther 10.5 

(Uyccs*iif 65 

Ac<*ti(* aicid 23.5 



( fluid /ttir) 

n-Butyric acid 

20. 3 

Chloroform 

26 

Olive oil 

32.7 

Resin (melted and solidified) 

37.2-33.1 

Glue 

48.3 

Shellac 

36.7-30.4 


* 1’hc» conipariHon t{) an elastic membrane, at best, has only a limited applica- 
liility, Hince it is tru(‘ that the surfaces are enlarged or diminished, yet they are 
ntit HtU'tcdH'd. Tlu^ particles in the surface neither separate nor approach each 
other hut inori^ pariitdes ar(i foriicd into the surface (when the surface enlarges) 
or n^movtjd from it when it diminishes. 
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gas particles on tlu^ surface between fluid/air are affected by 
diffc'rtnit forces than in the center of the gas space; they receive a pull 
in th(' dir('ction of the fluid phase, they are condensed at the inter- 
face, and in the surface film, fluid is constantly changing into gas. 
Analogous phenonuMia oc*.cur wherever interfaces are formed, that is, 
at th(‘ int.('rra(‘e between fluid/gas, fluid/fluid (in the case of non- 
iniscible fluids), gas/solid, fluid/solid, solid/solid. At the fluid/gas 
and fluid/fluid inU'.rfacH^s we recognize these forces by the shape 
of tlu^ surface^ of contact (concave or convex), which is formed 
und(T tlu‘ infliKuua^ of the surface tension. At the interface 
l>(^l,w(Hui solid/gas we recognize the condensation of the gaseous 
])has(‘ at tlu' surfa,(‘e by the fact that it is almost impossible to 
ri'nu)V(‘ th(‘ layc'i* of gas. This is the reason why it is so diflS.cult 
to (ux'att' high vacua, and why exhaustion of gas is undertaken in 
th(' pr('S(ai(u‘ of (^har(‘oal which by reason of its still greater surface 
r(unov(‘s i.hat layc^r of gas which clings to the glass vessel. Spongy 
platinum a(‘ts as an ignitc^r by condensing on its surface gases which 
(,h(‘n unite' clu‘mi(‘ally with the lilx^ration of heat. 

Thc! surface' te'usie)n at the interfaces between two fluids can be 
de'te'rmiue'el by the‘ same', methods that are employed in the case of 
fluid/gas. In this case', also, a limiting surface develops at the 
inf ('rfa-e'e^ of ihe^ lavo pluiscs, which changes with every variation of 


surfae'e' tension. 

A fe'W value's e)f <r for fluiel/fluiel are now given: 

<r 

\Vai(‘r/l>e‘nz()l 32.6 

Wat.<‘i7<)il of* 12.4 

\Va.t (‘r/V.hlorofonn 27.7 

\Vat(*r/ (‘thy 1 <‘t her 9.69 

Wa(.e‘r/iH()!)Utyl jilrohol 1.76 

Wate'r/rosin 19.8 

Wat(‘r/oliv(M)il 22.9 

Al(U)lu>l/oliv(‘ oil 2.26 

Uape^ <)il/(‘gg alhiuium 7.10 

()liv(‘ oil/ox gall (9 pe'r (umt) 7.21 

()liv(‘ oil/( laHtil(‘ soap (1/4000) 3.65 

Olive' oil/rul)h(‘r Holution 14.0--10.2 


A mc't.hoel fe)r nu'asuring the surface tension of the dispersed phase 
in an emulsion is he're' eU^sciribeul in some detail, because it is too 
ne'W 1.0 be' funnel as ye't in any te'xthook on Physics, and particularly 
be'causc' on aex'ount e)f its genieral applicalhlity it promises to be of 
especially gre'ai impe>rtaiice for ce)lloid che^mical research. 

E. IlATse!nmv * se'parateel an oil ('mulsion into water and oil 
by me'ans e)f ulirajiltratiori. From these experimemts Hatschek 
deeluce*el tlie' eliame'te'r of drops of oil and thc size of pores of the 
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ultrafilter. The author raised certain objections to these conclusions, 
as it was not necessary to assume that the drops of oil retained their 
form in passing through the filter pores; they might have been drawn 
out into thread-like cylinders, and their diameter thereby reduced. 
As a result of the correspondence that followed, H. Bechhold pro- 
posed that the pressure necessary to change the shape of a sphere of 
oil in a fluid be estimated and experimentally verified. 

E. Hatschek carried out these calculations and measurements. 
The method of calculation is in brief the following: Upon entering a 
capillary, a sphere changes into a cylinder which is bounded above 
and below by a meniscus; to simplify matters these meniscuses are 
regarded as hemispheres. Accordingly, let 

R = radius of the oil sphere, 

T = radius of the capillary, 
then R = nr; 

a — surface tension in dynes/cm., 
p = pressure per surface unit of the emulsion, 
g = 980 (acceleration due to gravity), 

then, 


n approximately = C (n — 1), so that C lies between 1.8 and 
1.9, and we have the equation p = ; or, if we desire to de- 
termine the size of the pores, n — + 1; or, should we desire to 

determine the surface tension <r = . . 

C (n — l) 

E. Hatschek tested the correctness of the formula by determining 
the pressure necessary to deform a sphere of mercury or oil (nitroben- 
zol) sufficiently to make it enter a narrow capillary and obtained 
satisfactory results. To give an idea of the pressures that are in- 
volved, let us consider the following example: In order to force a 
drop of mercury with a radius of 0.111 cm. in water into a capillary 
with a radius r, a water column of p centimeters was necessary. 


r (in cm.) 

p per cm. of vessel 
(calculated) 

p (observed) 

0.0255 

0.0112 

21.9 

58.65 

20.5 

62.0-63.2 


In an emulsion of oil in water in which the diameter of the oil drops 
was 0.4 /i, a pressure of 20 atmospheres was required to press them 
through pores having a diameter of 75 /x/z. According to this theory 
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it should be possible to obtain a clear or a (cloudy filtrat(‘ Iroiu an oil 
emulsion according' to the pressure (‘m[)l()y(‘d. This assumpt ion was 
confirmed by an experiment of II. Hkoihiold; Wluui an (‘inulsion of 
oil in water was filtered through a 3 pc^r cu'iit ultrafiltt^r with a pn‘s- 
sure of 6 atmosphere's a clear filtrate' was obtaiuc'd, and wh(‘U tln^ 
pressure was increase'el te) 10 atme)sphe'r(‘s th(‘ filtrat(' be'came^ 
turbiel; with a ele'crease in the pre'ssure' the' filtrate' he'came' ede'ar 
again. 

In my opinion the greatest importance e)f the' me'thod lie's in the' 
ability to nu'asure^ the^ surface te'nsion of small fluiel or se'inifhiiel 
structure's (e.g., ble)e)el corpuscle's) anel te> ele'elueu' from sue'h ele'tc'rmi- 
nations entire'ly ne'w points of vie'W eH)nea'rning the' passage' e)f fluiel 
or scmiifluiel structures thre)ugh nu'mbrane's. 

Leit me', point e)ut auothe'r iele'a which fe)r(‘,e's iise'lf upe)u me': uanu'ly, 
that the splu're^ is the form me)st re'aelily inelue'.e'd by surfaeu' te'usion. 
If a soliel substaneu’: se'paratc's fre)m a fluid as a cnjsitil we' must 
rea‘X)gnize^ that e‘,e'rtain fe)re‘.e's teneling to iiu'.re'ase' the' surface' are^ 
e)ppe)sing the surfae'.e' te'nsion. But we' know fre)m the' mie'rose'opie^ 
stuely of crystal fe)rmatie)n that splu'rie'al structure's usually appe'ar 
first; late'r, crystalline' forms with re)unele'el e'.orne'rs, and e>nly in the^ 
later stage's true^ ea'ystals.^ d'he're' must be' a vvvUiin re'latioDi be't we'e'U 
mass anel surface' in, e)rele'r that the' se)rul phase' may Ih' e*le'vat.e'el 
al)Ove the surfac.e's l)e)unele'el by plane's in ele'fiane*e' e)f the' surfaeM^ 
temsie)n. If thei surfae*,e' is te)e) gre'at in proport ion to t he* mass, tliet 
surface temsion ove‘re;e)me's the* crystallizing fe)re‘e‘s. Sine'e* it. is i)ossi« 
ble to e^stimate^ the^ incre'ase in surfaeu* ae'.epiire'el by the' iele'ntie'al 
substaime^ in changing fre)m a sphe'rie^al fe)rm to a e'rystal, anel furt he*r, 
to e)l)se'rve^ the smalle'st epiantity e)f a substane'e* whie'h e'an he'e'ome'r 
crystalline, it bea;e)me‘s possible' te) se)lve‘ many probh'ms, sue'li as, tiui 
edfea'dive^ forex^s e)f crystallizatie)n, the* surface* te'nsion whie-h soliel iHulie's 
(ixe^rt against tlu'ir se)lutie)ns, anel the* ele'cre'ase'd e'apae^ity te> crystal- 
lize in the pre^se'nce* e)f e‘e)lloiels. 

A dre)p of oil spre'aels e)ut e)ve'r the* surfaex* of wate'r. d'his oe'e'urs be*™ 
cause tlie^ surface* te'nsie)n e)f wate'r aetting against oil is less than ihes 
surfaex'- te'nsion of the* wate'r ae'ting against air minus the* surfae’e* 
tension of the^ oil acting against air. (The* e'Xplanation of this is 
given in all the larger te'xt be)oks e)n Physie^s.) 

<TWate'r/air > <rwat(‘r/oil -f- er e)il/alr 

75 > 22.9 + 32 . 7 . 

* Hil)lH)e»:rap}iy ia Wo. ( )stwau>, “ ffandhook of Oolloid (diciabtry/* !»y 

Fis(;h(‘r, e)(‘sp(‘r and Be'nuan, Fhila., 1915. 
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Expr6SS6(i in gsusrsl tGnnSj this mGS-ns th-^-t fluid 2 sprcuds itsG 
on the free surface of a fluid 1, if 

O’! ><^2 + cr 1/2- 

(Ti = surface tension of fluid 1 acting against air. 

(r 2 = surface tension of fluid 2 acting against air. 
cri /2 = surface tension of fluid 1 acting against fluid 2. 

Similarly, a fluid 3 spreads over the common boundaries of tw 
fluids 1 and 2, whenever 

0*1/2 > 0-2/3 ■“ O3/I. 

This phenomenon is of the greatest biological interest, because i 
follows that many fluids must spread out on the boundaries of othe 
fluids or solid bodies and form films, and further, that solid particlej^ 
suspensions and colloids must collect on surfaces, according to con 
ditions. The diminution of surface tension between two surfaces i 
the forerunner of mixing or solution; there exists no surface tensioi 
between two readily miscible fluids. We shall discuss the distribu 
tion of dissolved substances on interfaces more fully on page 33 ii 
the discussion of surface pellicles. We shall see that nuinerou 
organized structures and indeed the movement of protoplasm am 
of the lower animals are derived from this phenomenon of surface 
tension. It is the monumental service of G. QuunTCICE that he showe( 
the connection between the purely physical processes and the phc? 
nomena of animate nature. 

The surface tension of solids is deduced from the fact that find] 
divided particles are more easily and rapidly dissolved than coarse 
ones; it also explains the fact that artificial hydrophobe colloids an 
produced only in a dispersing medium in which they are wholly in 
soluble (see p. ,73). The slightest solubility permits them to pas 
from the dispersed phase into coarser particles. Only to a limitec 
extent is it possible directly to measure the surface tension of solic 
bodies. Roentgen measured the o* for rubber/air and rul)ber/watc] 
and Tangl* tested a new method on the interfaces of rubber/watc] 
and paraffin/water. The basis for the method is that a tube of the 
substance to be tested (rubber or paraffin) undergoes a change ir 
shape when it is plunged from the air into a fluid (water). 

Interfaces of Solutions. Whenever substances are dissolved ir 
one or both phases, there is usually a difference between the con- 
centration on the surface and on the interior. These changes it 
concentration at the surface are termed adsorption. A substance b(v 
comes concentrated upon the surface if it reduces the surface tension 
This is the most usual adsorption phenomenon. Onlv fAXXr lY'lAV. 
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ganic salts increase the surface tension of water and they are, ac- 
cordingly, less concentrated at the surface than in the interior of 
the solution. This latter occurrence, negative adsorption, is of 
significance for the distribution of salts in cells, as will be shown on 
page 25. 

Adsorption,’^ which is of the greatest significance in colloid 
research, will, in the subsequent paragraphs, be considered from the 
standpoint of the distribution of a dissolved substance between two 
phases. In this connection also reference should be made to page 
33 (surface pellicles). 

CHEMICAL COMBINATION, SOLUTION, ADSORPTION. 

We have seen that colloids are diphasic systems, and the ques- 
tion must arise as to how a third substance will he distributed between 
the two phases} 

Chemical Combination. 

If we take as the dispersed phase, a suspension of calcium carbon- 
ate (precipitated chalk) in water, this will represent the solution of a 
hydrophobe colloid. If we add sulphuric acid to the suspension, the 
acid will be immediately and completely bound. It is impossible to 
detect free sulphuric acid in the suspension by any reagent if any 
calcium carbonate still remains in the suspension.^ If we continue 
with the addition of sulphuric acid, a point will suddenly occur when, 
no matter how much is added, sulphuric acid is no longer bound by 
the chalk; all the excess remains in the water. We are accustomed 
to say that a chemical reaction has occurred between the calcium 
carbonate and the sulphuric acid and that there is a chemical union 
of Ca and SO4. Ca unites firmly with a definite quantity of SO4. 
We may add as much water as we want; it cannot abstract any 
S 04 from the CaS 04 . The process is irreversible (cannot be reversed). 

Solution. 

If we emulsify carbon disulphid in water, and add a little bromin, 
the entire fluid is colored brown. If we allow the carbon disulphid 
to settle, the water is light brown and the carbon disulphid is colored 

^ In this instance ^^distribution” is used in the most general sense, though in 
physical chemistry it is employed only to indicate the distribution of a sub- 
stance between two solvents. 

2 Although the formation of salts on mixing dissolved acids and bases results 
with infinite rapidity, it takes an appreciable time in the case of colloid solutions 
(and of course with coarse suspensions). Vorlander and Haberle, 
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dark brown. The more bromin we add, the darker both the wat< 
and the carbon disulphid become; the latter, however, is alwa;; 
more darkly colored than the former. If we study the proce; 
quantitatively, the following becomes evident, if in a given case ti 

concentration of the bromin in the carbon disulphid is c(carbc 

c (carbon disulphid) 

disulphid), in the water c(water), then c (water) ^ 

that is, the relative distribution of the bromin in a given case is n. 

If we double the quantity of both carbon disulphid and of wat( 
and then test the quantity of bromin in the fluids, we shall find tin 
in both the concentration has fallen to half and that the distributio 
continues to be n. If we double the quantity of water, its color 
only slightly less intense, because bromin enters the water from tb 
carbon disulphid. If we now measure the bromin content of the tw 
fluids, we shall find ac(carbon disulphid) and in the water 6c(water; 
that is, gc (carbon disulphid) _ 

l)c(water) 

No matter how we vary the quantity of solvent or of l)romin, th 
apportionment of bromin is always n. We may, therefore, say tha 

c 

n is a constant and express it ~ = fc. 

This equation is characteristic for the distribution of a substanc 
between two phases in which it is soluble. The process is reversible 
it is in labile balance. The law of distribution was formulated I); 
M. Berthelot and Jxtngeleisch in 1872, though we still freqiumtb 
refer to Henry’s Law of Distribution. Strictly speaking, this ex 
pression applies only to the distribution of a gas between a flui( 
and a gaseous phase (proportionately to the pressure), 
c 

The distribution - = k applies only in case the molecular w^eigh 
of the dissolved substance is the same in both solvents. If this ii 
not the case, the equation becomes — = /c, in which a and h expresi 

the difference in the molecular weight in the two solvents.^ W 
Nernst has formulated the law of distribution in this way. Foi 
example, benzoic acid in water has a simple molecular weight, bui 
in benzol it exists mostly in double molecules. In order to ex- 

press this, the equation of distribution becomes = fc. 

v c (benzol) 

^ [Prof. J. L. R. Morgan suggests that a better form would be the following: 

C2 

where x is the ratio of the molecular weight in solvent (2) to that in solvent (1) 

min (2) 


Sx^ocs aad 


= r. TV 1 
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Adsorption. 

With colloids in particular there occurs a third possibility of dis- 
tribution, wherein the surface comes into play rather than the total 
mass of the dispersed phase. The condition of distribution which 
we are about to describe is called adsorption. Suppose we suspend 
in water a substance which we may assume does not dissolve or 
undergo chemical combination, e.g.j pure carbon. We know that 
bone black may to a greater or less extent decolorize dye solutions; 
that it is used to bleach dark sugar juices and to decolorize the dark 
solutions of the organic chemist. When suspension of powdered char- 
coal is added to bromin water, we observe the following: If we add 
very little bromin to the water the latter will become completely 
decolorized; if we add more, a considerable part is taken up by the 
charcoal but the water, becomes brownish. With further addition 
of bromin the water is colored more intensely and the charcoal takes 
up proportionately less bromin. This process is reversible and the 
distribution of bromin between charcoal and water follows a cer- 
tain law. We cannot as in the case of a solvent, however, speak 
of the concentration of the dispersed phase. In experiments, it has 
become customary to insert the specific gravity of the dispersed 
phase, and this custom is, as a rule, justified. Let us, for example, 
designate by x the amount in millimols of bromin that is adsorbed 
from a solution by m grams of charcoal, and by c, the concentration 
of the bromin in the water after adsorption. If we deal with sub- 
stances of unknown molecular weight, x indicates the weight in milli- 
grams and c the weight which is present in 1 cc. of water after 
determining the adsorption balance. Empirically we arrive at the 
equation 

— (adsorbed) 
m ' 

_ _ 

c” (free) 

in which the exponent ^ is always < 1. Inspection shows that if 

X 

n — S and k = 20, the equation is satisfied when — in the char- 

7n 

coal = 200 and c (water) = 1000. 

If we dissolve but very little bromin, then the equation is satisfied 

when, e.q.,— — 20 and c = 1. In the first instance only 1/5 of the 
• m 

bromin is adsorbed by the charcoal, but in very great dilutions 20 
times as much goes to the adsorbent. 
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If it is umit‘ct*ssary ti> ilt‘tt*rmiiu‘ iHuistaut'-, tin* din'rt i»;raphi(‘ 
r(‘pn‘S(*iitati()u of rostiHs is tho --implrst motliotl. llu* ccuiccait ra- 
tion in watta* Ulit* tlisporsinij: snhstanct^* i> niadf tht* ahsrissa. Tho 
tn*(linatt‘ is tho atlsorlHnl aunaint ot tin* (iisp<*rstHl phasr. rPhis is 
tlu‘ tliflVnaicr hotuasai tho ontiro qinintity of tho stihstaiaa* dis- 
solvtal arid what nauains in solutitai.* The points of infta’stn’fion 
an* points of thr rurvo oxporinnaitally iliaavtMl. Ida* linos show us 
at a i^laiUH^ (as is soon in 2l. in simplo <aiS 0 Sj wlu'tlior tlu‘ dis- 
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trihulion ami rtirvo is ono of ohianioal otiinlunafioin .sc^lution or 
adstjrption. 

d'lio lioavy otiiitiniiotis lino t i i.^ tho f^rapiiio ropi*i*^ontation t»f 
a rhemiatl rrar/ma; ll niols t 'uC 't ft aro stispondod in wator and 
H^SUi is addod. It is at latoo soon from fho tliaRrniii tfiut d inols 
H3SO1 aro hound, thoro is ia» trot* !I;.St h in tho watia*. hut on tlio 
addition nuiro tda* tii.npia’oni phaso ran fak** up no ima*o 

arid, sn that tho ac’id romains in fho di-.piaNina modiuin. 

hrokou lino is tho i^raphir n^prosontation of tho d/s'- 

initHiift)! of a suijstnnoo htiivvtn tint tin- at::. l*lio do! ami dasli 
Hnt‘ i---i is an mlnirpHitn vurir. For tho tjrniihiv n-prosontation of 
surh adsorfition phoiioimiia tho ahovo oquation is solvod hy lt»g- 
aritlmis; and wo ohiain 

lu^ - io^ c, 

m H 
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This is the equation of a line. If the logarithms of the values found 

for — and for c, of different concentrations of the substance's under 
m 

examination; are carried onto a rectangular system of co-ordinates, 
these points would li(‘ on a line, provided the substance was sub- 
jected only to pure' mt'chanical adsorption. 

As the simplc'st (‘xample we shall choose the curves and data 
which H. FiiutJNDLiCH * dc'rived from his studie^s of the adsorption 
of certain fatty acids by charcoal. Fig. 3 shows the adsorption curve 



Pi<;. Adsorption of fntt.y acids by charcoal. (Afl,('r 11. t'r(Uin(Hi<‘-h.) 

of acetic acid, proi>ionic aeud and succinic aedd, in dirc'e^t graphiei 
repr(‘S('ntati()n as W(' hav(^ ('X{)lain<‘d on pag(^ 22. 

Tlu'y an^ (h'rivc'd from tlu^ following sonu^what abridge'd data of 
FllEllNDLICU: 


A<’(ii(i(5 nend. 

j i’ropioiiic acid. I 

Succinic acid. 

/ millimolHN x 

/ millimolH N 


/ niilliinolH \ 

/ miUiinolM\ .r 

/ JuilUtnoln \ 

^ V ('.c. / m 

VKiitj.. charcoal/ 

^ V cc. / m 

Ngm. charcoal/ 

A c.c, / m 

\p:in. charcoal/ 

O.OISI 

0.407 

0.0201 

0.785 

0.0070 

1.00 

O.OGIC 

O.SOl 

0,0510 

1 .22 

0.02()2 

1.70 

().2(i77 

1 .50 

0.2400 

2.11 

0.0177 

1 .05 

().H.S17 

2.4S 

0.0707 

2.04 

0.2821 

2.20 

2.7K-, i 

I 2.70 

1 .580 

2.78 

1. 101 

4.27 
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Viir, 4 shows ili(‘ lino passing throuf»;h the l()<>;ari thins of th(‘S(‘ data 
and it should be obsem^d that all lo^iarithms k^ss than unity an‘ 

Tlu‘ tan^'iaits to tlu‘ an^li‘ of inehnation betwec^n tlu' (di'ininits of 



tlH‘ eurvi' (aet4i(‘ aeid, propionie a(‘i(l and sueeini(‘ aidd) nn<l tin* 
abscissa. r) is th(‘ (wjxiNvnt -y-. (lista.nc(‘ on tlu^ t>rdiuat(‘ 

from tlu‘ /a'ro point (origin of (‘o-ordiua,tes) to tlu* point inba- 


seeling tlu‘ nniting liiu's is 

I<'K 

'rh('y h 

av(' 

iht'st* valut 

A eel it* 

iu-i(l ■ 

fl 

0.42'), 

k 

- 2.()0(). 

Propionic 

neid ^ 
u 

().:$")}, 

k 

- 5.105. 

v^ut'einic 

at'id ^ 

0.274, 

k 

4.42G. 


ti 


Sincc^ tlu‘ valu(‘s obsiawt^d <lo not rH‘ all in th(‘ sarm^ lims 'ns is shown 
in Fig. 4, a mean valu(‘ for tlH‘ angh‘ whosi* tang(avt is n may be dv- 
rivi*d by means of a protractor. In th(‘ saim‘ way, log k is lud (!<*- 
rived from tlu* intca'scHdion of tlu^ last (‘hamait of tht‘ <airvi*, but 
fiom the mean vahna 

The t'Kpontad (amditions tlu^ shapes of the c.urv(‘, and varies 

within moderate limits. Tliougli mark(‘d (‘X(‘ei)tions have* bcaai <i!»- 
served, it tluetuab's tisually indwtaai 0.5 and 0.8 as II. FuKUNumnai 
lias sliown in his numenius (»xp(a’im(aits. 

The constant k in tln^ adsorption formula is, in an idc‘al vtmo 
natural constant which may b(» as chanuderisth; for the adstirbed 
sul>stanc«* as k is in tla^ distribution Ixdwcam two solv<‘nts. 

Tlic gn\at difficulty litss in the fact that, in tin* case* of tin* dispersc^d 
adsorbing phase, \vv, do not consider the mass, which may be easily 
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determined by weighing or measuring, l)ut the .surface which may 
vary greatly with tlie selfsame^ weight. Tlia,!. in not. tii(‘ mn.v.s^ 
but the .surface of the dispersed [)has(^ is of importance in adsorp- 
tion, is evident from the following. 

FREUNDLKar a.nd SenuouT* permith'd d^a^s to l)e adsorbed by 
amorphous, /.c., coUoidaL^ mercuric sulphid Hocks. Whcai th(‘ ITgS 
became crystallin the dye dissolved a, gain. Wc luivx'- hc'n^ a. count (U- 
])art of enz^mi a(*tion in whi<‘h the a.dsorb(‘d (Mizym (c.//., p(‘psin) is 
liberated when the adsorbing substrate (fibrin) cha.ng(\s its surfa.cc': 
as it is s];)lit up. W. Me(!KLENIUir(;* siicxHunhsl in obtaining diftvnmt 
curves in t.he a.dsoi’i)t.ion of phosphohn^ a,<‘id by (‘olloidal stanni(* a(‘id 
and of a.rs('ni(‘. by f(n’ri(^ hydroxid wlam, sta, rting with solutions of 
identi(‘al (‘oncent ration, h(‘ pr(H*ipita.t(Ml stajufu* acid a, nil tVrrii: 
hydroxid at diffcaH'nt. txanpia-a-tures; all tlu^ otlun’ (‘onditions W(‘re 
identical. Tlie lower th(‘. t.(Mnpera.tur(^ at. which sta.nnic a(‘id or fia-ric. 
hydroxid g(d wer(^ fornu'd tlu^ mor(‘ phosi)horic aciil or a-rsiaiii* was 
adsorbisl. Idu' pi'culia.rity of tlu‘S(^ curvi'S was the similarity in thi'ir 
shape whi(‘h is d(\s(a*ib(al by i!ia.thema.ti(*ia.ns as “ allinitivad’ ; on this 
acc.ount M eoklionburo (‘alhsl thi'in (iffuiilivc ad^orplion rurrt's. 
They can not Ix^ ot.h(‘rwis(‘ {'xplaiiaal t.ha.n tha.t thi^ sa.nu^ mass of 
adsorbent rtiay hav(^ a. dillenmt surface^ <l(^p(M)ding on tlu^ t<‘miH‘ra.- 
ture a.l. whi(‘h it was fornuxl. 

Adsorption is a plumoitnaion which is cotiddioncd bij the dvcrcasc 
of the surface teuslon of t.he solviait in r(‘spect. to th(‘ dissolvisl sub- 
stanc(‘, at- t-lu* int.ialaci' Ix'twcxai tlu^ solviait- a,nd adsorbiad. In 
18SS, (J, (iuiNOKH show(‘d that substancx^s which (hx’ri'asi^ tin* surfaci* 
bmsion bi'twcam tlu' solvimt. and tlu‘ dispis’sisl phas(‘ must colksh. 
about. t.h(‘ disp(‘rs(‘d phas(‘ with th(‘ formation of a. film. H. t'RKONo- 
LiCH has ('laborat.cd and (‘xpia-inuadally (‘stablishisl tin* theory of 
adsorption plu'nomi'ua, basing his id<‘as on ( buns’ Theorem,^ The 
mark(*d diminution of tin* surfa(‘(‘ t(‘nsion of waller by fats, fatty 
acid, soaps, albumin and its cl(‘avag<^ ])ro(hiet,s, and (*nzynu*s is 
charach-iaistic; and it is not surprising that th(*S(* subst.anc(‘s are 
V(‘ry (‘asily adsorbixl. 

From what has Ixam alr(*ady said, adsorption a}>p(‘a.rs to be a 
purely physical plu^noimmon in which tin* cluanical r(‘la.tions lx‘t w(‘en 
adsorlxait and adsorbexl substance* play no part whatevi^r. [Tliis 


^ diBUH' Theorem states: A dissolved suhstniin* is posit ivrly adsorlssl if it 
d(‘I)ress(‘s the surface t(‘asi()u, ii(‘gativ(*ly udsorlxsl whiai it. raises it. W ill.-vhd 
(hinm d(‘duced tliesi^ rdations for gus(‘ous inixturi's and n<it for fluid solutitms. 
The* statenxnrt of W. (Iibbs, that a small amount, of a <lissolv«*d substanci^ may 
powiTfully d{‘pr(sss surfaci* ttatsion hut <‘annot rais<‘ it mu(*h, is likewiw important 
(for furtlx'r proof see IL FiumNOLrcH’s Kai)illarch(*mie”). 
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Htatciueul Ls too dogmatic; in dealing with colloidal parti(‘lcs winch 
approach mc>lc(!ular dimensions no sharp line (‘an he drawn InHwcn^n 
physi(‘al and chemical forc'cs. Tr.] We shall, th<‘r(‘fori\ witli Wo. 
OsTWALi), call th(»s(* purt'ly physical phenomtaia mechanical adnorih 
tiiifL 

Most, of the inv(^siigations on iulsori)tion hav(‘ henm (‘onducitHl 
with pulv(‘rized solids, hydrophobe t‘.olloids, and g(‘ls as adsorlnnits. 
From a Inological standpoint stndi(‘s of adsorption by hydrophilc^ 
Hi^s of c\sp(H*ial impcatanc4% when we (‘onsidt^r for (‘xamplt‘ what 
(H‘cur.H in tin* blood. Tin* only inv(*stigations of this cliaracier that I 
am actinainical with an* those* of H. Bncaniou)**^ on tin* distribution 
of nn‘tliylent* Idue bt‘tw(*(*n wat(‘r and s(*rum albumin. Tin* voluuu*. 
in Holutitm is dir(‘ctly obtaiiUHl by ultrajlttration and the amount of 
metliyh'in* blue distril)ut(‘d in tin* a<iin*ous filtrate* thus obtaiinnl is 
nn*asurt'd. It was shown that in V(*ry dilub* solutions <»f nn*thylt*nt^ 
bhn* tin* major part is ht*ld firmly by the albumin; wln»n*as in gn*ater 
C{mct*nt rat ions tin* distribut ion is displa(H*d in t in* din'ction of the 
wat(‘r. Tin* curve* is similar to that of an adsorption curvt*. [Thc! 
work of A. B. MA(’Mja’M, “ Surface* Temsion and Vital Pln*nonn*naT 
Univi*i>iity of Toronto Studi(*s. Physiol. Serit's No. 8 (1012) sliould 
Ih* r(*ad in this conn(H*tion as it involv(*H the adsorption of potassium 
and its (’oiu*entration at surfact*H. Tr,] 

Based on what has bt‘(‘U said hitln*rto, wt* might bi*rn*ve that 
nothing is e*aHier than to (hdermiiu* by tin* curv(*H of distribution 
wlndher w«* an* dc*aling with (duanical combination, distributiem 
l>etween twti solv(*nts or mlsorption. If, howt*v(*r, wt* exmnmv the 
e 5 CtH*riiin»nial data, %vt* st*(* tluii tlu*n‘ is rar(‘ly dost* agrt*«*ment 
ladwtaai observation and tin* calculated rt*sults. 

Tln*si3 divtwgerna^s lt*d to the tli*rivatit)u of otht*r formulas df*ter- 
mined by the following eonsidtwations, Aecording to tin* ftnanula 
on page 21 the mon* eon(;entrated a solution, tin* Jnore is iliert* 
tnl«irlied fnan it. Actually, saturation limits an* r(*atin*d in many 
cases. This may Im3 explained as follows: ICach iidt*rfact* eaii adsorb 
only a layer of a d(*fmit4^ thit^knt^ss, and satairation Is rc*a<*ht*d when 
this layer is fillcHl %vith adsorlKal moIc*cul(*H. Tln^ forniulns of 
AiiiiiiKNUim,* Rob Maeo,^ anti O. G. HtniMinT* were made to be in 
conformity with the ohmwvtHl facts. 

The (ptestion, wln*th(*r we art* dealing w'ith adnorptum or miliiiltmi 
is frecfuently difficult to d<*cide wht*n the diHHolv(*d substanet* lias a 
dillenmt molecular wt*iglit in tin* disi)crHt*d phase* tlian in tin* soIv(*nt 
(se*e p. 20), The curve of distrilmtion may tln*n asHume the form 
of an lulsoriition curvt* and in solving tin* |)rohlt*m all the incidental 
circumstance*^ must be* e*,onsidc*rt*d; for instanct*, W. found 
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that the distributiou of arseuious acid between ii'on hydi’oxid gel and 
water follows the equation. 


X 

— adsorlxnl 
m 


c (fr(‘e)^ 


0.63L 


Were wo to belicwc^ that the ars(‘nious acid wcait into solid solution in 
iron hydroxid gc^l we should have to concliuU' that the arscniious a(‘id 
had a rnol(H;ular w(nght oiuvfifth as large in iron hydi’oxid g(‘l as in 
wat(‘r. From other observations, however, W(‘ know t liat arsemious 
acid in wat(‘r breaks up into simple molecuk'S so that thc‘ assumption 
that it dissolv(\s in iron hydroxid g(d is unhmabk'. 

The following stat(nn(‘uts will show t.hat» many (conditions may 
modify the course', of tluc adsori)ti()n curve and siuch cas('.s, according 
to L. MuJirAKUis, are best (calk'.d abnormal adsorption, 

A substance may, for instamce, as the ncsidt of sw(clling, absorb 
more water than th(‘ suV>stanc,e dissolvcnl and thereby simulate a lu^gar 
tive adsorption. Thus, lb Hkhzcxj and Adluu*** found that talcum 
powder adsorlxxl from sugar or albumin solution more water than 
sugar or albumin so that as a ncsult, the solution appc'anxl to be more 
coiKcentrated at the end than at the beginning of the exix'.riment. 

The gnuit concenlraiion wlfudi adsorlxxl substan(t(\s cause in tluc 
disperscxl phas(c may b(‘ assoc.iahxl with change's in its condition; 
for instance, it may Ixc thrown down lus a solid. It has Ix'c'u ob- 
8(crv(Kl, that (charctoal whicch has Ixx'u shak('n with a solution of 
anilin dyc' shows th(‘ gnx'nish nu'tallic shimmc'r and tiu' di(‘liroism 
of tluc solid dy(c; albumin may coaipdate at int('rfa(‘.(‘s. Pro- 
foinul changecs may ac(company these variations of (condition. Tliis 
may be shown l)y the* following ('xarnpk's, tlu' so-calkxl basic anilin 
(ly('s are salts consisting of a strong acid (usually hydrochloric 
acid) and a W(‘ak color base'. The aeiuc'ous solut.ion unek'rgex's 
strong hydrolytiec dissociation; the' frc'ec color base' shows a more' or 
k'ss colloidal echaraecte'r and is always strongly adsorbe'd. IL Fhkund- 
hum and (1. Ix)hkv * showe'd that the (color base's adsorbe'd Ijy e*har- 
coal from new fuechsin and (crystal viok't we'rec echange'd at the* Hurfaexc 
of the charcoal, and substance's with e'utire'ly dilTe're'nt prop(»rt.i(*H 
we're formed; probably the'y we'rec the insolul)k' substance's which 
A. VON IUkyior had precviemsly prepare'd separatc'ly. In the' e'asec 
of thee basic dye's, tliecsec cche'mically changecd substance's form the' color 
on thee textile fil>er. 

Now w(' must re'C.all that p\ire adsorption is a of etpiilih- 

rvurn change'able with the' econece'ntration of the' dissolve'd substane*e'. 
Therec can l)e no balance if a substancec is removecd from tlie solution 
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imd thus uuule iusuluhlt' {inrm'siblc) as hi th<‘ ahuvcMiuaifunuHl ex- 
aiupli‘ of tlu' basic tlyc‘s. As tlyi‘ stutT bocumcs iusolubhs tlu^ char- 
coal or fibers laust atlsorb more dye and tlu^ pro(H*ss will ctndinui* 
until all t!u‘ dye is adsorlunl from the solution. In tlu' casc^ in (pies- 
tiou, tlie process is pn^maturely (‘iidt‘d bcTausc^ of tin* coiu'cnirat aai 
of th(‘ H(1 hydrolytically s(*parat(Hl, which to a (‘(‘rtain dt‘|^n*t* ex- 
ercisi^s a solvent action on tlu^ coloretl cundeusation pnuluct. Winn. 
OsTWvia)* has calltnl ationtion to the fact tlud in solutions which 
arc hydrolyti(‘ally split into fatty acids and fnn* alkali, tliert* is a 
markiHl displatnanind of the adsorption balantna ddiis occurs in 
washing. Tin* fatty acids an* adsorlH‘d by tin* fabric and tin* skin: 
to acetanplish tliis, thc*re must occur in tin* solution a. furt!n*r liytlroly*^ 
sis, i.c., a splitting olT of alkali. In other t*ases the dissolvr*d sule 
8tanct*s may bt‘ complc*tely n*movt*<l from solution, cn/., albumin 
from urine (l>y charcoal, silicic at‘ul or mastic (‘undsimi, as atlsorb- 
cuts). 

If wc try to di*h*nnim* tin* adstu'ptiou (‘urvt*s for tin* pln*nomenn 
just dest‘ribc»d (t'spts’iully tin* fixation <)f dyes), we shall find tluit tin* 
curve miglit bt* mistak(‘n fm* that of an irn'vc’rsibh* (’ln*mi<*Hl process. 

Still mon* pi*culiHr are tin* <*urvt‘s which \V, Bii;rz and lb Stkinkh 
olitainetl for tin* adstaptitm of night blue and \dctoria blue by 
colt<m, and Ib FaurNULioii hw tin* adsca^pthm of strychnine salts 
liy elmrcoal or arsenic trisulphid, as w<*ll as (b Dhkvku ami J. 
Siicu;ro ^ for the adsorptum of agglutinins by bart<*riu. In these 
cases less substarict* was takt*n up by tin* ads(udH*nt fnan the con- 
centrate<i solutions than fnau those of nu*(lium c<»ncentration. 

Tin* explanation of a. plnmomenon of this kind was given hy A. 
boiTKimosKit,* who i)hm*rvcHl with A. Ihrmn that anuaphons silver 
iodiil atlsiirl>ed less potassiiuti unlid from highly t‘ont*t*ntrated scdii- 
lions than from solutions of nu*dium eonetndration. Tlie proeess is 
liiflueneed by tin* fac*t tliat high eonetmtratiims of KI preeipilab! 
Agl, ami make it- partially assume the crystallin form. In this in-'^ 
stance tin* ciiiisc* is a <liminution of surface; in the other eases, above 
flt»seribt*d, tlien* is a strong probability of a diminution of surface, 
es|MH*iiilIy with the agglut^ination u( baett*ria. 

Hiflnato it has lH»en tac»itly assumc*d that t]u*re is no aflinity lie* 
tween iiclHorb(*nts ami tlissolved subsianet*. This oecnirs, though only 
in a few exceptional eases, ''rims Ib S. (b Hki>!X has shown that 
ciutiitn ens^ymes (trypsin and rt*m]iiu) an* irrc*vt*rsihly a.dsorl.H‘d from 
water, Imt they may be* (lisplaced by otlier sul>stancc*H feasein, serum, 
griipt* sugar), b. MnaiAKia.s demonstra.t(‘d that aeitl kiitiliii eoiild 
atlsorb only laisic or amphoterie dy{*H, whih* basic* <»lay could iidsorb 
only acid dyes. Hiinilar <‘xp{*rim(*utH havt* b(*c*n pi*rformed liy viirioiiH 
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other experiincnitc^rs with wool, filt(T paper, et(5. Since th(' chemical 
constitution of many of theses substances is unknown and others can- 
not be prepared free of electrolyte's, Jl. Beciihold conside'red it d('- 
sirabli' to sc'ttlc the problem using; substanct^s possessing; (U^fmite 
constitution and which wctc^ easily obtaiiu'd in a pure state'. As sue‘.h 
adsorbents, he' e‘.he)se naphthalin (CioIIs; neutral), naphthe>l ((hoIIyOH, 
aciel),naphthylaniin(( qoIl7NH2, basic), amielonaphthe)! (OioHhOHNH*^, 
amphote'ric). Tlu'se' substances we're fre'ely suspenele'el in wate'r auel 
shake'll for se've'ral minute's with sedutieins e)f varieius elye's; tlu'y we're> 
filte're'el e)fT anel waslu'el until the', filtrates was praettically eteileirle'ss. 
The^ dye solutieins e'lnploye'el we're^ theise' g;euu'rally use'el in microseHipie^ 
te'e^linic. The' re'sults of my staining; e'xpe^rime'uts are^ sheiwn in the' 
a(*e*.()mpanyiug tal)le'. From tlu'se e'xpe'rinu'uts it is e'viele'ut that in 
most (‘.ase's, even with the neutral naphthalin, the're'. is at least, a faint 
staining. The euiloration is se) slight, that, it e*.ert,ainly (H)ulel iu)t be'. 
reHK)gniml in a micreiseuipic spe*e‘.imeai auel it is ewielenUy te) be attrib- 
ute'el to uu'chanie'al adse>rptie)n. It may l)e seH'.n at a ghuiea^ he)w m- 
markably the' staining elifTers, ele'peauUng e)n the (‘heunieial eHmstitutiein 
of the stainenl substaiu'-e, ne'utral naphthalin is ne)t elen'ply (‘.edoreal 
by any stain. Naphthyla.min anel amiele)nai)hthe)l a, re always meist 
streingly staine'd by the aeael elye^s, anel naphtlu)! anel amieleiuaphtlu)! 
by the (H)le)r liase's. Tims we se'e^ tiiat the> cheniical conMUuUon of the 
(itlmrhent plays a veny impe)rtant part in the', elistribution eif the 
elissolveMl substane^e bed,we'e'n the^ solvent and t,he^ elispe'rseal phase', 
Bmiujzki.leu and Czari'’' re'ae'.lu'el aua-logeius re^sults with the^ aelse)rp- 
tiem e)f alkaleiiels (eaie'ain, atre)pin, e'.tc.), by varienis peiwele^rs (st,are*he'.s, 
e‘e)agulate‘d albumin, which aettenl as we*ak ae'.iels and aelseirlicel most 
stre)ngly, wlu'.re'as alkaline ( -a( Ub aelseirbe'el le^ast). That we' areMle'al- 
ing with (iviirochvinical pheneime'na in the^ abeive e^aseNS is still more^ 
evieleait whi'u wc' eibse'rve^ how the^ addithm ({f elrdnilifles atTea'ts aelsorl)- 
ability. Weieil, which is elyeul partiemlarly wc^ll by basie*. dye's in a 
nemtral bath, take*s tlu'.m up still be'tte'r from an alkaline^ bath, but it 
is also elyc'.el in an ae'iel ba.th with ae'iel (a)lors. Htill bcd.te'r e'viele'iua'. 
lie's in the fact tliat the e'atieins of neutral salts inereatse'. the^ elye'ing 
of aciel colors in proportion to the valemce of the euith)u (W. M. 
Baylish). 

We must furthermore memtiein the' fact thiitmpphonmiary cJu'mic.al 
re^ae'hions may oeanir l)e‘twe'e‘n aelse)rbe'nt anel adse)rbe'el substance's, 
which may le'ml to ti fixation that make's the' |)re)e'.e'ss irrc've'rsihle', i.c., 
a true^ e'hc'mieud ce)mbination may re*sult. Tint e)e‘.(nirr(*ne'.(^ e)f this 
condition is e'haracte'rize'd by the^ faed, that it rcH|uire*s a ce'rtain 
Icmgth e)f time', wlu'rc'as acce)rding to IL FREUNDLienr, the' aelse)rp- 
tion balance is e'stalelishe'el in a fe'W minute's. Morc'ove'r, such a elev 
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XnpUthaliii. 


Xitiththyliuniu. 


Basic dyes: | 

Pvh't hvlt'uc' blue i xvry faint 

i bine 
faint bine 


LutHer’.s blue ^ . 
(’lU'bnl-fin’h.sin. 
CVvHtnl vinli‘t . . 


faint red 
bluish 

1 

Hisinark bnwn j nnslainetl 


dark blue 
dark blut^ 
retldish 
di'ep bhie 
bruwumh 


! very faint : 
; blue ' 

j abntK‘<t un- 
t’ulured 
I nhnost un« 
i e<di>re<l 
I faint blue 

I 

i prartiealh 
unstaineil 


Stuin: 

Aniliu water |^t*n- 
tian vinlet 
'rreatnient with *m- 
din-putuHsiutn i<i- 
<lid Hulut iniu 
Wnnhing otT with al- 
eohnl. 


light vinh't > d<'ep violet faint violet 

almoHt etnn-i * j 

pletely dv- 
('(diivhvd 
ahnoHt emu- 
|>letely d«‘“ 
eolnriised 


<lnrk blue 
lunhUer- 
mined b(*- 
eatiHt» tun 
Huluble 


blue 

eninplidely 

iha’olur 

i/4*d 


J i 


Acid dyes: 
iMwin, . 
Atiranlia 


I uuHtnineii 

faintly y«d 
I hiw^ 

Pirrie arid i uiwt ainefl 


Aranrin idisHulved in- brownish 
KOIl) I vhdet 


Cialhdn 

Cdirotiie violet , 


Amphoteric dyes: 

Ileiixopurpurm. . . . , 


Jiiniw recL 

Mixtures: 

1‘riafdd. . , 


tumtauaal 

ahm»Ht uii'” 
stained 


rcaldisli 


reildish 


unstiuned 
v«Ty faint I >’ 
yellow 
almost un- 
staintai 
brownish 


almost me 
staiiHol 
almost mi- 
st ainta I 


rediUsh 
Csomewdmt 
d e p t' r 
t han t h e 
o t h e r H 
ami mo!« 
tied blmvl 
deep red 


faint bluishi tha*p bluish 
green green 


pink 

rtnldish yel 
h>w 

very faint 
yelbwv 
viohu 


abnoHi un- 
st ained 
almost mi- 
stained 


rialdish 


reddisli 


very faint 
viiilet 


Afiaiif»iutphth<»l 

iirr-*hlv 

tHteil.l. 


blue 

d^n'p red 

diH*p vi«»h*t 
him* 


deep violet 


dark blue 
deep violet 
las far as 
rould be 
d e t e r - 
i mineti in 

. vii’w of 

■■ great 
solubil- 

i 


rt*d 

yellow 

almost me 
jhI ained 
violet 


faint brown- 
}sh reil 
red 


rml 


tieeji retl 


flark bluldt 
green 


* Mur a larthylrtw hlae srhttion witli a trnre of alkiili; Im n Iwr'ljsiln 

iltm oaitjyaifig nhitiitil. Il«ilh of tw wi^ll iis CJmiii's «tii9a lor etunlMVinl Innfmmtm. i»»rirfm 
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layed supplementary process may indicate a slow diffusion of tlu'. 
adsorbed substance into the adsorbent, as J. Davis has dcmion- 
strated in the case of the adsorption of iodin by charcoal. In the 
fixation of dyes by textile fibers we can assume the i)robable occur- 
rence of secondary chemical processes. I believe that many mis- 
understandings in the moot ciuestions of fixalion might 

have been avoided, if there had been a ck^ar uncUu'standing of tlu^ 
various phenomena which may occur in the coursi^ of an adsorption 
process. 

Finally, it must be mentioned that catalyzers are adsorlxnl (all 
organic ferments are colloids). By reason of adsorption, thc‘ r(^a(d/ion 
in a solution may be stopped; or in otluT cas(*s, tlu^ n'action may Ix', 
accelerated upon the adsorlxmt. Thus oxidations rmiy Ix^ brought 
about by concentration of oxygen on tlx^ adsorlxxit or rexhudions by 
concentration of hydrogen (C. Paals’ nxluction of nitrolxmzol by 
colloidal palladium and other (duxnical nnuttious.) 

The fundamental conception of adsorption is so illuminating that; 
the attempt has been made to (‘xplain a larg(‘ s(Ti(‘s of biologi(*al 
processes as adsorption plumomena (enzym action, union of toxin and 
antitoxin, etc.). I cannot better express th(‘ n^sults of all this work 
than in the words of W. who, in anotluT conmxttion, says, 

“ The testing ... of tlu^ mat(‘rial in a(X‘.ordauc(' with an (‘xaet 
method, such as is involved in tlu^. use of a formula, ofTt^rs tlu^ work(»r 
a rather mingled pleasure, as may be nobxl from tlu^ gnxit (lilT(‘n‘n(;(‘ 
between the results of (‘xpc'rirmmt and of caknilation. If it W(‘r(» not 
for the nov(dty of tlu'. subjkxit investigaUxl, . . . tlu^ n^sult whieli is 
so fnxjuently accepted for the sake of tlu^ principU^, would b(^ of very 
little irnportance.^^ 

I should like to add furtlu^r: Tlx’: adsorption formula is a ro(*k 
which, Lor(dei-like, has magically attracdcxl numlxTk^ss se.i(*ntifie. 
voyagers only to wrcHik many of tlxan. kivt^y (!omplicat(xl ph(‘- 
nomenon of higluT organisms, whi(^h (‘.onsists partly of eh('mi(‘al, 
partly of solution phemomema and pi^haps partly of triu^ adsori)tion, 
rnust assumes the general character of an adsorption and have* a 
formula which seems a cross Ixdwecm a clxanical proex^ss and a solu- 
tion. Thus, if a biological plumomenon s(xms to suit t!x‘ formula of 
an adsorption, this may Ix^ m(T(‘ly a sign post, whicdi, alas, many an 
investigator may mistake^ for tlx^ goal. 

What then is the biological signijicance of xohat we have (lutinguished 
as chemical combination, solution and adsorption? ntTc‘ w(* approatdi 
the most important principk^ governing the pro(x^ss(^s in the* living 
organism; it is what P. Enimicir d(wrib<‘s as disirlbutioiL Tlx* d(*- 
veloping and the fully developed organism are (constantly nxceiving 
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food materials, whicli are taken up at the placu^s wlu'rc^ nec'dinl, stored, 
and when necessary givc^n up again. In otluT words, tlu' organ- 
ism, plant as well as animal, is a vessel containing an acpu'ous solu- 
tion in winch various colloids exist as dispcn'sc'd phast's. llu‘ l>alau(‘e 
which rules at each monnmt is disturbcHl by food material (‘utc'ring 
th(' vess(‘l and by the m(dal)olic products d(‘vt‘loping in it, and 
these b(H*om(‘ distribut('d Indwinm tlu^ solvcmt and tlu' disptTS(‘d 
phas(‘, the organ-colloids. In this (mtin^ cluiptiT W(^ hav<‘ tn*attHl 
tlu^ simpl(‘ (‘ase occurring whem a mujh dispc*rs(‘d phas(‘ exists in a 
migle dispersing mcHlium (solvent). W(‘ may still assume* without 
serious enTor, that tlnae* is one* dispersing nuHlium; but instt^ael of 
one dispeu'sed i)hase in the organism we have dozens, perhai)s hun- 
dreds, of dispersed i)hases. Each individual (‘lass of (‘.(dls is a dif- 
feremt dispersed phase with ditTc'nmt prop(‘rti(\s. Only in this way 
(;an we understand how the* assinnlation products are* sorte*d, store*d 
up and e^hange'd into the* tissu(‘s of the seve*ral organs. 

To epiote a single* (*xample, we* find (a(‘(M)rdiug to a table* in M. 
Abdioiuialdion’s T(*xtl)ook of Physiological (-he*mistry) that there are 
the* following distributions: 



to KKK) jwirtH by wOtsht 


Horum of os. 

littMul t'orpwH* 
cUii of t»s. 

Sugar 

1 .05 


(!h()l(‘st(‘rin 

1 .23S 

a. 279 

hiu 

I .(i75 

a.74S 

Soda 

4.;iI2 

2 . 222 

Pot anh 

0.255 

0.722 

Lime 

O.IH) 

F(*rric oxid 

1.071 




It is diffiemlt to imagine* a more* un(*(puil distribution. For iti- 
Btarice*, potassium and sodium salts (*nt(‘r the* circulation as e*lc‘ctro- 
lyte*H to the* same (‘xte*nt; and there* (»an be* no c|ue*stion of any 
irre*ve*rHil)le che*mical (‘.ombination of the*s(* salts e*it lie*r witli the* Hc*rum 
or witli the l)Iood corpusclc‘s, since both dilTuse* away when tlie^ serum 
or l)lood corpu8(‘h\s are brought in contaed. with pure* wate*r. llie*re 
is thus a condition of e(iuilil)rium in the^ blood liy whi(*li the* hUmd 
corpmdeH dumdve or adsorb proportionat(*ly more pfdassium wd/s, 
whiles (hit serum alhumin dissolve's or adsorbs more mHiium saltn. This 
is not a unique case, for humus adsor})s cluefly the potasHium salts 
from a mixture and permits the sodium salts to pass through. With 
iron the* conditions are different; it certainly must enter the*, organism 
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ill some mobile form, yoi at the places where blood corpuscles are 
formed it is chemically fixed as hemoglobin. Wo may say d priori 
that the ^yroducts of dLsmniMatiori become very soluble in the dispers- 
ing medium, being dissolved or adsorbed but slightly by the dispersed 
phase; in fact they are not chemically fixed at all, so that they leave 
the l)ody chicdly in the urine; they are, indeed, crystalloids of which 
only so much is retainc'd in the blood by solution or adsorption as is 
necessary for a propiT balance. 

We must h(T(^ curtail our remarks and refer the reader to the 
chapter on Distribution of Substances and Metabolism. 

What appli(‘s to the substances necessary for the maintenance of 
the organism aiiplic^s also to such fondgn substances as have a toxic 
or pharmacodynamic (dfVet. It is a principlcj that such foreign 
bodias as an^ chenmally fixcnl, permanently injure the affected cell; 
narcosii^ seems to m(‘, to be a typical (example of simple solution, 
a process that is completely reversible, [Permanent injury may also 
b(^ caused by \ho breaking of an emulsion. See M. H. PrscHER and 
Mahian O. Hooker, Fats and Fatty Degeneration,” John Wiley & 
Sons, New York, 1917. Tr.] B(‘tw(H‘u these extreme cases there are 
substances which are adsorlxHl, and an^ active^ even in small doses, 
tliough larg(‘r (losers do not cause materially gremter damages Under 
favorable^ e;e)nelitie)ns the^se^ proexsssess may l)e rewersible^ The eled-ails 
are treatenl of in the cliaptevr on Toxi(X)logy and Pharmacole)gy. 

Finally, I wish to re'fer to the‘ chapter on Immunity llcactious 
where it is an impe)rtant epiestion whe‘,ther cheanical combination, 
se)lution or adsorption obtains. 

Surface Skins. 

Absolutely pure^ water has no surface viscidity, which means that 
a medal or glass elisc suspeneleHl by a threuiel at thei surface performs 
as many osenllations after a singlei turn as it eloe^s when immerseul. 
The slighte^st imp\iritie\s may, he)wewer, suffices to causes a marke'd 
redareling erffect at the^ surfaeu^ On i)age 25 we^ saw that substance's 
which lower the^ surfaeu^ tension of a fluiel concentrates anel spread 
out at the surf ace', se) it is te) be^ e'xi)e'cteHl that the', surfaces will have 
a different visefielity from the interior. PoeK;MNi)e)RFF anel Plateau 
were the! first to stuely the! formation of skins on fluids, but we arc 
inde^bted to M. V. Metcalf,* G. Nagel* and E. Rohde* forre!C('nt 
studies that have! clarifK!d the subject. It was shown as the! result 
of these inve!stigationH that colloids and substances at the! l)order line 
Ixdween ce)lle)iels anel (!rystalle)ids, e'specially many (lye!s, as fuchsin, 
medhyl viok!t, pc'ptones and sewe'ral other substances, concentrate at 
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the surface of aqueous solutions and form a layer, which at first is 
easily movable. In a short time there is a change in this layer. In 
the case of staining solutions the surface appears dull after an hour 
and gradually there is formed a solid layer which histologists and 
bacteriologists know to their sorrow. It is, therefore, necessary to 
filter aqueous solutions of stains each time before using, even though 
they have been protected from dust. The dye concentrated at 
the surface undergoes chemical changes which the investigations 
showed to be independent of the gas upon the surface (it might have 
been attributed to oxidations with oxygen or to CO2, etc.). What 
has been said of dye solutions occurs also in the case of peptone 
solutions, as Metcalf demonstrated. 

The thickness of the layer which will just form a solid skin has 
been measured, and found to be, for peptone 3 jjljjl (Metcalf) , for albu- 
min 3 to 7 ju/z (Devaux). Thus it is probably many times greater- 
than the hypothetical diameter of a molecule, perhaps even equaling 
the radius of molecular attraction. The process of skin formation 
may be very much hastened by amplifying the surface, i.e., by shak- 
ing the fluid or passing gas through it. Thus W. Ramsden * was 
able to remove by shaking practically all the albumin from an 
albumin solution. The albumin passed into the foam and there 
formed solid skins. This phenomenon is of greatest practical impor- 
tance, since the solidity of meringue, whipped cream and beer foam 
evidently depends upon it. In the case of beer, the rising bubbles of 
CO2 carry foam-forming colloids at their surfaces and conversely the 
beer foam exerts a tension (pressure) which hinders the escape of 
CO2 and thus keeps the beer fresh for a longer time. Everyone who 
has worked with colloidal solutions knows how high the gas pressure 
must be in order that a stream of gas may be forced through a solu- 
tion which has once formed a layer of foam. The formation of a 
skin on boiling milk is evidently to be classed among these phe- 
nomena. The significance of this process for the coagulation of fibrin 
has been indicated on page 299. 

To these phenomena belongs ‘Hnactivation of ferments by shaking” 
described by E. Abdehhalden and Guggenheim * and independ- 
ently by SiGNE and Sigval Schmidt-Nielsen.* 

The formation of surface skins is so sharply characteristic, that 
mixtures of substances, which diminish the surface tension of water 
to different degrees, may be separated by shaking. Until now, we 
have had only the qualitative investigations of W. Ramsden,* who 
determined the predominance of saponin in the foam on shaking a 
mixture of saponin and albumin. (Saponin lowers the surface 
tension of water more than albumin.) 
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Hitherto we have only n^ganUnl th(* format iiui of Hurfaec* at 
the interface fiuul/gas. 8u(^h skins may 1 h‘ formed, howevt*r, at 
the interface fluicl/fiuid or fluid/ solul, provided only that tht‘ suh- 
stance in (question diminishes tiu* surfaci' tinision of tin* water with 
reference to the otlier fluid or tin* solid pliast*. J. Zikolkh has in* 
formed nu* (in a private communication) that on shaking tHUi/.ok 
toluol, etc., with watcT containing albumin or gt*latiiu the beii/ad 
or toluol forms alH)V(* tin* watta* an (mmlsiou whicli c’ouiains the 
colloid, and that with n*[)(‘att‘d shaking, tin* major part uf the 
colloid may b(* nanovt'd from thi‘ a(iU(‘ouH solution. Sinai ly after 
this communication, ilmv appcainal a publicati<m by \VixiiKi,iiiiKc*u ^ 
which not only (‘onfirnnHl tlu'se facts but (’ailed attention to tin* fact 
that through tin* formation of an (anulsiou men* traet^s of etiloids 
could be d(‘t(*et(*d. This plu'nonu'tiou has long Inn^n recognized n.n a 
very disturbing factor by organic chemists. On shaking reac’liim 
mixtim's with t‘tln*r or bc'nzol, such (‘inulsions fnM[uently form and 
are very diflieult to H(‘parat(*. W(* kinnv now that these emulsions 
are to be attribut<‘d to tin* formation of e(»lloidal n*aeti(ni printuets. 

H. Bkchuou) and J. Zimuaou us(‘(l tin* nn‘thod of .shtikinn (»Hi 
the foam for tin* separation of albumos(‘s (\Vitt(*\H peptonel int*» 
th(*ir components. Tht*y shook a U) p(‘r c(*nt a(pu*(ms stilulion of 
Witte’s peptone with (‘Un*r, si'parated tin* etln*r bnim from the 
aciinums solution and again sliook it out witli (*ther. Tln*ii the 
etlnT was p(‘rmitt(‘d to (*vaporat(* from tin* foam, and the n*sidue was 
dissoIv(*(l in t(‘n timc*s its volunn* (d wat(*i\ and this solution was 
again shakc‘n out with (‘th(*r. Afti‘r thus tr(*ating the siilutitm from 
three to five tim(‘s, two Hubstane(‘H wc*rt* obtained, one of which re 
maiinal in the water in cl(*ar solution and Invann* turlhd when treated 
with 24 to 25 |)(‘r (‘(‘id. of ammonium stil|)hate. By this proensture a 
separation of two comixments was obtained, but it is a (|ueHtioii 
wh(‘th(*r the water-iiisolublc* portion was present in the original sutii- 
tions or was form(‘d by tin* shaking, lik(* peptone skins. 

The slight diminution in conc(*ntnition is in favtn* t»f llte first view. 
By ''shaking out the* foam ” as(*parathni of tin* slightly wiiter-4iilitble 
hetero-all)umoH(*H and tin* n*maining alliumost*s was iiecompliNfietb 

This spr{‘a(rmg of colloids and the formatltni of eolloiil lihii^ iif 
the interface b(*tween two fluids is a phenomenon vi*ry fre«|iiefit!y 
observed, (k QuiNeRK*^’^ showed that gum eollrct^ at fin* inferfnee 
b(dw(Hm oil and a gum arabic .solution. Bhnrmaeeijfintl efiitiidoii.^. 
accordingly (umsist of oil spln^nns Hurnnmd(*d by a film of gnnt. 
And when oil is (*mulsified with albumin, oil spiieres snrmtiiided 1*> a 
film of allnunin are fonin*d (Aseiinuscnx I have ntlriliiileit tin- 
so-(‘all(*d "H(*rum films surrounding tin* ghdniles in milkd’ to the 
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luation of surfun* skins, see .HMk Whon* tnl gkihulos ocriir in 
atpu'ous solutions containing colloids, it may Ih» assumed that tht^y 
art^ surroundtHl hy a film of colloid which |inn*tmts them fnan run- 
ning tog(‘th(a' and forming InrgtT tlrops of fat. This is cxtan|diti(*d in 
th(‘ (‘inulsion of fats in tlu* intt‘stim* and in tin* milky turbidity of tht‘ 
s(‘rum after ingc‘stio!i of fat as wt*ll as in tlu* {oleaginous ami nsinous 
(‘mulsions in plants, ca/,, in tln^ milky sap of the Muphorbiacn*, 

As lias lH‘(»n alrt'ady stated tin* sanu* {‘ouditions tobtain for ilu^ 
interface's betw(H*u iiuid/solitl as for fluid fluid. IL lintmiioLn** 
('xplains the' action of pmUdive vulUnda (st'c p. ID as a mani- 
{{'Station of this phc'nonumon. Proti’ctivc* ctilloids form {'olloidal 
films alnnit the' substance in suspcnsicon iiml thus imperle tin* 
coak'sccncc (llocculatum) of tlu' S{*|>arat{‘ partiedi's. ('{mseHpn'ntly 
surface' pi'llii'li's afTord stability io the mt*tal scols, am! piTinit their 
practical utilization. 

On the^ othe'r hand, suspe*nsions ami hyelrtiphobe' cailloids, de'pe'mb 
ing cm circumstance's and the surfaet* tcusiem, may I'itlicr pass freom 
one' fluid into anothe'i* fluid with which it is not miscible, or the*y may 
(HHUH'ntrate' at the' inte*rfn<a' (UKiNnKits). Tliis must be* c’onsiek'rcd 
in all st mlic's on tlu' distriloution of cmlkads in tlic' IocmIv, as in staining 
with c'oltoidal dye's ami the' inje'ction of cedkiielat metals am! poasibly 
cve'u iufe'ction witli micreMorganisniH. 

(Act'ording to the vk'ws of MAim\ H. Fiseunu ami AIaiuax O. 
IIooKKud wc must distinguisli iH'tweem tfu' making of an I'mulsion 

^ HtH' Mahtin II. Ftseiiiat and Mahiax <>. HeMmnn, Fats and Fatty 
{•riituia, Juha Wih*y and Sfam, New Vttrk, PJIT, wlaat* rttfi*reneei« ti» th«‘ir earlier 
pnhiiratietw may he* feamd. 

l^ieth \\\ I). B..\,\eiiorr aael tk IL A. Crowns at th** Crhaaii (PaPVi meet tag 
of the AmtWiin C*hemieal Soidety, in lliinr dtHeit.'^^iuii of nur own %'itavH regarding 
the* importniu'e of eolloid solvafej*! fetilloid IiydrateH.I for the utabiliiSation of eiiiiil- 
woiw, foaml in our viewn f4i»mething irrtaameilahle w'ttli llteir nolioio* of the im« 
portimei* of interfaeitil films ami <»f surfai'e tension ehangeM in While we 

{|o not wash to inHist u|»oii a harmony wh*'r** sueh may not !»e di^mri'd, there i.*4, of 
eonrm*, nothing muUially e^xelumve in the nleimtif wolvatiun, of e|mn«eM in Mirfaee 
terwion, mid - "at time’s --the ftirmatttm of a eontimioiis third fiineii* between 
the two chief snlmtanee*H making up an eutiulsioii. When ‘Hvater/* iiernrdtiig iti 
emr rmthm, heeomes ii **eoIh>ifl hyelratef* the pro|M*fties of the f-ieeond iii|Uid are 
difTemmt fremi thew* of the* first, and tlieHi' proper! te*« inrlinlt* .Hlirfiir** tension, 
vii4f»o«ty imd distrilmtion !»etwis*n two phirsi*^. But, we repeal, lliet«‘ to 

wlikli PnAW.Att, Qmxcicn am! Pu'icmuNei first dire*eif*«I utivulitm are nut liy fhem- 
«dv« tddt* to explain all the |ihenmmenit obw»rved, Where* < ’lowi-;s hohls ihnt an 
emuyon of oil in ^tahilizeel through soeliuin oleate Iieeiiii.Hf» the iinee retluees 
tlie Murfma* fenmon of w’liter, we wouhl my that stitbiliiiifiiiit hir^ eiiMiird b**i*iiUM* 
the eiil has been divitiisl into a highly hydra! iibh* aealiiifit i«iiip. Wlieii the loldi- 
tion of cadeium elentroyrt this emulsion, if i'H not beeiitiHe lef roinpliratesl rlii»ige« in 
a surface film, hut simply hea*aiisi* eadeium oleate is iin only rlightly liyelriUidde 
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and its stabilization. The making of an ('imilsion is (‘ss('ntially a 
mcrhanical proecvss concerntHi with the mer(‘ obtaining of tlu' sub- 
division of one liquid in a second, as oil in watcu\ probltuti of 

tlic stabilization, after such a subdivision has been brought about, 
is a totally dilTerent maticn*. In a certain s(ms(^ tli(‘ main ft^aturi' in 
this stabilization consists of tlu^ getting ri<l of tlu^ watcu’as su(‘h in th<5 
emulsion and substituting for it a hydrated colloid. 

An emulsion is stabilized through any so-(‘all(*d (emulsifying agent 
only l)ecause this emulsifying ag(mt is a hydrophilic* (lyophilic*) col- 
loid. Oil, for (exaunple, (*annot, be pernum(‘ntly (*mulsifu*d in \val(*r 
in amounts (^xcaHuling a fraction of one per c(‘nt, lait in a niedium in 
which tile’s water is bound to an canulsifying agtmt, as a liydratc^ (or 
solvate) the oil contemt (*.an be (*arri(‘d to a vtery liigh figun* (oO or (H) 
per (uait). When, for (exampU*, acacia is us(‘d as an c*mulsifying agtad , 
it numns that the permammt, emulsion is much* peermnnemt b(*(*ausc* 
the acawaa unit(\s with t.lu^ water to form an a(*a,cia-hydnLt(‘. 

After the stabilization of an (anulsion has b(H*n a(*complisIu‘d 
through the production of a cadloid hydrate*, sea‘ondary concemt ratiem 
(vtTects may be brought about which leaid to a con(‘eentnition of Ihe^ 
C!olloid material upon or in the* surface* of the* oil drojileets hut th(*se^ 
secondary efTead-s are^ not to be (*onfused witii the^ pi*imary om*H nt*ce*s- 
sary for the stabilization of the emulsion. 

W. D. Ban<’HOFT asse'rts in n rewieav of Fisemnids hook that. (lieaH* 
are no critevria which the*se alleegeal e*()mpounds (the* solvate's) could 
satisfy. J. of Ind. & Kng. Ch., voL 9, No. 12, I)e*c., 1917. 

Bancroft observed that while* soaps of mono-vade*nt cations usenl 
as emulsifying agemts for oil and water, promote* the* feuination of 
emulsions like cre*am, in whic.h oil is disp(*rse*d in a (*ontinuous wate*r 
phase, soaps of di- and tri-vale*nt (‘ations form (‘mulsions of tlu^ 
opposite type like butter, in which wateT is dis{)e*rse‘d in oil Ban- 
croft (amside'rs that soaps of sodium or potassium, lK*ing re'nilily din- 
perse*.d in water but not in oil, form an interfacial film or me'mlirant*, 
the surface tension on the^ wat(*r side of which is mu(*h lowe*r t han eai 
the oil, and that e^onseeiuemtly an emulsion of oil in watt*r is formesl, 

Hoap. Fr(‘(^ wat(*r, in c.oaHeHpmKu*, appe'arn ia t he* mixture*, aiul tla* oil w*parim*f 4 
(mi in gnmn form, as dewTilnHl above*, for only V(*ry little* e>il ran hi* pe*rmane*ntly 
Hnhdivid(*d in ‘‘pnnC^ or “fuM*"’ water. We* dtw’nhi* tin* <*oni4e‘epiom*e*H of nm*h 
(diange^H from highly hydratahle* to 1(‘HH hydratahh* soaps upon the* stability of an 
eanulnion on p. 49. 

Nc*ith(‘r do we*, wish our st.at.(*m<‘nt that an agriM*me*nt is ponsiblt* b«*twi*ofi 
(h.0WKs' and our views oii simph* <*muIsionH to be* <*xpandi*ei to im*lud«» Iuh be*lii*fn 
rcigarding tht^ !)iological b(»liavior of the* fat in living (*e‘lls. We* long ago gave* up 
th(*, notion of lipoid me*mbranc*H about (’(‘Us and the* <*omplf*x nett ions of their 
changing i)(*rmcability to wliiedi ( 'nowKs and many authors Htill hold.** 
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wliilo soaps of ealeiuiu and nuvgnesimn, hoini^ roadity ilis|Hn*siHl in oil 
but not in water, form a film, the surfa,(*c‘ tcaisitni on ihr t»i! sitlt* (»f 
which is lower than on the watia*, auul eonset|Utmlly an tauulsion of 
water in oil is [)r(Hliu‘(Hl. 

("lowks showed tliat (anulsions of oil in watta* could ho ciaiverted 
into emulsions of waU*r in oil and vice v(‘rsa by varyini^ the |)ro|M)r- 

tions of i’ertuiii eltai rol\it\H 
addi‘<l tt> the* syspiii. Wlien 
<a|ual vohimi*H of oil coiitaiii* 
ing fatty aetti and wati‘r con- 
taining NaOll were sliakiai 
togt‘tht*r sodium stiap was pro* 
<iuced anti an tanulsitm tjf oil 
in wntta' ftnnnetl. On shaking 
this iaaulsitm with inen^asing 
in‘o|Hnlions of calcium chlor* 
id, a critical point at wliich 
oil and wati*r separated into 
two distinct la^ycrs was ol>- 
Htu’vetl when iht* OaC I3 was 
added in snffieient amount to eonvtai half tlu* sotlitnn stanp into cal- 
eium soup. Furtlua* addition of calcium cliloritl ha! tn the forma- 
tion of a stahl(‘ (anulsion of watta* <lis|K‘rsc‘d in oil. ihmversely, tin* 
latter (anulsion could 1 h‘ rcH’onvertcal thnmgh tin* c’rittcal poiiit into 
one of oil in water by shaking with the napiisitc* projKirlions of sodittm 
soap or caustic soda. (Hch* diagram, Fig. 4 a.) 

Clowks attribut(‘H th(*s(‘ transformations tc» \mriations in the sur- 
face tension relations of th<* wnt(*r and oil pliases, caused Ity varia- 
tions in the proportions of the hydrophilic sodium soaf is which lowers 
tlu^ surface tension of tlu* water phas<% ami t lu* lijxjphilie ealeium soup 
which lowers the surface tension of oil phase. An emiilstoii of oil 
in. water is produced when t!u» surface* ttmsion is hnver on the water 
than on the oil side of ilu^ stahilis^ing film (u* membrane' foritietl |.iy 
concentration of the {nnulsifying agemt- at- the oil-water inlerfiice. A 
critical point occurs wlum tlie surfaeM* temsion is ec|uii{ or eiim{«atsii- 
tory on hotb. sides of tlu* film, ami an (‘inulsion of water in oil is formed 
wlam the surface tension is lower on the oil salt? tliiiii on llie water 
side. 

Electrolytes appear to c*x(*rt. a marktal <*fTi*ct. on einulHion ef|iitIilH 
rium, thoH(^ having a. more* n*a(‘tivc* or mort* rraidily itdHorb^d anion 
appear to |)romotx* ilu* fcnmiation of ('mulsions of oil in wafer, while 
those having a morc^ reactive or readily adsorlwai cation i^xert tliii 
reverse effect, promoting tlu.* formation of tanulsions tif water in oil 
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The antagonistic effec'ts exerted by electrolytes of tliese two opposing 
groups appear to correspond sufficiently clos(dy with (hos(^ ()l)S(‘rv(Hl 
by OsTEitnouT in experiments on living cells to suggest. tlu‘ possibility 
that variations in permeability exhibited by j)rotoplasm undcn* tlu^ 
influence of vairious salts might be attributable^ at k'ast in part, to 
reversible transformations of the marginal layen* of protoplasmic; 
material bet.wc'en systcans in whicli a non-a(|\UH)us phase is dispca'scnl 
in an a(|U(a)us, whi(‘h would l)e lelativc^ly frca^ly ][)(a*m(ail>l(; to wat.(*r, 
and the reverse; type of system in which an acpie^ous phase; is more; or 
le;ss surrouneleal by a non-aeiiuHnis film which would be; impc'rmenible; 
or redativc^ly le\ss peu-meaible to water, 

A Traube e;apillary pipe;tte was e;mploye;d to study the; influence; 
e;xc;rte;d by giveai salts individually, and in (‘ombinuXiotn on the^ ivla.- 
tive de;gree of dispea’sion of iiderfacial soap films in oil and waiea*, 
Aepieous solutions e'ontaining e;austic soda or soap and various con* 
(;(mtrations of the salts to be te;ste‘d we;re alloweal to flow from the; 
(;apillary i)ipette through nenitral oil or oil (‘ontaining frea^ fatty acid, 
and the numbea* of dro{)s produe*e;el serve;d as an ind(*x of the* <lis* 
persing or protective eflVct e^xe*rte‘d by the; e*l(u*tre)lyte*s in epu^stion 
on the intea‘fae;ial soap film. Those e;l(;(;tre)lyt(*s whicli peissens a 
readily adsorbe;d anion appeair to e*ause an inereatse; in t he; numbe*r of 
drops, which (;orre‘sponds with a lowe;ring of the* surfaea* ti*nsion of 
the water phase;, a de;st.ruct.iem of the' surface; film, anel an ine‘re‘nseal 
perme;ability of the; systean to waie'r. Those* e*le*e*trolytc*s whi(‘h 
p()SHe;ss a re;adily adsorbeal eaition e*xe‘rt. the* r(‘ve‘rse; efTe*c*t, diminish- 
ing the; number of drops, which iudie‘ate*s diminisheal dispea'sion or 
destruction of the; film and a diminisheal p(*rme*ability of (he* syste*m 
to water. For e;xample*, a O.OOb-m NaOH passc'd througli olive* oil 
gave 44 elrops; the addition of Na(4 to a (;(mca*ntratiem of O.lo /a 
raiBe;d the numlic'r of drops to 300; the addition of CaC % a,( a con(a*n- 
tration of 0.0015 lowe;re;d the number of drops to 21; wliile* a 
system in winch 0.00 1 NaOII was eanployeal in conjunction with 

0.15"»ta NaCl and ().(K)15-/a Uii(% gave; 44 drops, eairri'sponding 
with the original systean anel indieaiting that unele*r tlie* eamditions of 
the experiment Na(4 and CaCTa e*xert an antagonistic* or c*ompe*nHa- 
tory c;ffee*t. upon one another in the mole*(*ular ratios of 100 : 1. 

In similar e*X|)erimc;nts with otlu'r (4e;e;tre)lyte*s, ane*sthe*ticH, c*t(*., the; 
ratios in whie‘h antagonistic; eff(;cts were; i)roeiue*(*d eorre*H|)on<lc*d 
sufficiently with those in which the; substant‘e*s in e|iu*stion e*X(*rte*d 
antagonistic effe'cts on marine; and oth(;r organisms as to sugge*si the; 
possibility that tlu'se physical systeans may afTord a crude* mode*! of 
the mechanism underlying the control of p(;rme;ability in protoplasm. 
Salts of magnc'sium and other substama's wliich exliibit al)norma!itie*H 
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in builoginil systcniis exi*iiiii|j^ umli^r varying t’oiitiilHiiH n 
or iirst rurtivt* rilVti on tht* inHiUiphiMiur film i‘Khiliil ^il^til:lr aUnor- 
nuilitu's in camilsion niu! tlrc»|t systt/ms. nhIim fuiirtiou 

ns pnvUniivt* agonts Hkt* oalc’iuia whiat n<lilo4 to a. soap solutitin 
whic’h is passial tlinnif^h nil; htit ns iJivHtriiiiivt* ai^oiits ltkt» N:iO|{^ 
NaX'l or KC’l whon addial to n dUtUo y^ahiiimi tif XnilH whic*li Ls 
passtai thn)ugli an nil mnlaining fnlty nritL 

( 'khsoly pnrnlU‘1 ri*st4ts won* nl»M*rvtal lH*!wot*.u. l!it* tlrnp systom do- 
sca'ilHal alwnaa iht* prnooss of hlntid lainuulntinii, th«* l«*f!tnl dost* <4 
givtai t*lia*t roly t os in mita* whon injootod iiilrnvoiinii^ly, ihr hoinolysis 
of blood rorptis(dt*s by laimptiaiiont and nmi«H*oplor, oto., n oianiiion 
oritioal |Mnut boing tdisorvtal in thoso witloly divt*rsitiod systoms. 
( 'now KH iamHuli*rs that tla^so oxiHwimonts load substanfial siipjKirt In 
tfj <ho viow that wltilo profo^pla.-aii ns n whnlo ooiisi.hIs of n systiau 
nppn^xiniatiiig inoro Hourly in a liisporsinu t»f iho ntai-ui|Uoous pliuso 
in tlu* ac|Uoous, Iho c•\tro^no innrginn! luvti" t»f ]»riilnpi:ism may Im^ 
kiokod npon ns an oimdsinn nr gt-bUko syslom onii*^isting of two tarn- 
timuHis phnst^s in whioh fluoinulnntH in pt*nnonlntiiy !n wntor and 
wattu'-lHU-no sut»stuiHa*s may bo onu^^otl by vuriutinns in tho prnpor- 
litnis (»f ni<*tub(*!io prnduots, olooirnlyloa, oto., n slight oliungo in tho 
systtun in tho tlirootinn of wntor snrrutnid**d l»y iho nniO’'n*|Ut»nuH pljust^ 
londing n «liminutinn in jHaanonhility. whito n ohungo in thi* rovorso 
tlirootinn, tnwnrds n systt*m in whioh fho nnn*ntpionus phnst* is innro 
tannplotoly dis(w*rsial in tho ncpionua, vvtndd lon«t fti nn inoronsod 
{K*nnoulnlity, 

Snlmtniitin! snpjMnI is Irail ttJ this jsiint of viow by i isrKHnin^'r'H 
iibHorvntiniiH tlint llio rnnihiotivity iif I^tiiiinurin tissiio is niisod by 
ox|MJSuro tci a snlutinn tif Xid1, Inwiwtal by C'ldlg, but unohiingod 
whon oxjHmod In n niixltiro onnlnining IIMI iiinliauilos nf Xiii1 mid 
Olio of ('id'b. Lifo run tinly bo inuintuiiiod wdthiii oortniii rmigos nf 
olocirioiil rosistunoo nr jiorinonbilily and an inortniso nr dornaiso 
in iHWinoabtlity lnyvniid givoti Itiiiiling jmints is tm Iniigor rovorsiblo 
and invariably raiisos iloalln WttmKii I), liAxastiorr; Jniir. Fhys. 
Choin., 17, nOl (IllUi). <b IL A* C'nciWKs; Prn«% liiysiiilngioid »'soo« 
tinn, Iniorniilkiiiid Mialioiil fknigross, pp, llln-lbb Lniidnii, lUbi, 
Prno. Kno. Kxp. Biology and Modioino, 11, pji. I 11, d-n, tl H II# 
(1913), Jour. Pliysioai (lionitsiry, 29, p. '1117 i lUltii. Pmo. Sno. 
Kxp, Biology and Mo«Iioini% 13, |)|i. Ill MS iltllfl). Hrioiioo, 43, 
pp. 750-757 (IIIUI). Tr.l 



CHAPTER ITT. 


SIZE OF PARTICLES, MOLECULAR WEIGHT, OSMOTIC PRESSURE, 

CONDUCTIVITY. 

For th(', wisliiug to diseovc^r th(‘ constitution of a (*,hcuni(‘al 

substaiUH^, thc^ (U‘tt‘rmination of the moknuilar wt^ight is of ^j^n^at iiti- 
portancc. Much tiim^ lias thus b(‘(‘n siuuit on (k*t(Tmininp; tlu^ 
mok‘cular weights of tlu^ bio-colloids, such as albutnin, starch, 
hemogloV)in, etc., and in tlu^ following pages wo shall show what 
probability for succ(‘hs attends th(‘S(^ ('fTorts, 

A Bolubk^ substance, |>lac{Hl in a suitabk^ incHliuin which produ(*.<\s 
no chcunical changes, distributees itseelf uniformly. In tlue cas(e of 
crystalloids, it is impossibke by either optical or in(‘chanical in(‘ans 
to recogniyie tlu^ particlees into whicli it splits up.‘ Wc sliall hoc that 
crydalloids an^ fn^iuently broken up into tlueir mokHuikes. Many 
colloids arc soluble also. If we* e*xamine* th(‘ir se)lutie)ns in the^ ultra- 
microHCOix* which pe‘nnitH a hunelreKl the)usand fe)kl niagniheuition/-* 
we can r(HH)gnij5(^ nunu*rous partietk*s. In the* case* of arlijidal colloids 
(ge)kl and silve*r hyelrose)lH) in whie^h we* are* (*(*rtain that all the* elis- 
solve*d particles are visible*, ae;e‘.e)rermg te) R. ZsujMe)Ni)Y we* are* in a pos- 
ition, as will be* she)wn by the* fe)lk)wing ce)nsiek*ratie)ns, to calculate* 
the approximates we‘iglit of e*ae:h inelivielual particle*. L(*t I gm. of 
colloiel l)e elisse)lve*d in I lite*r of wate‘r, the*n t*ve*ry 1 cubic niiIUmt*ier 
contains l/l()(K) milligram of e*,e)lk)ieL If by e*ounting unde*r the* ult ra- 
microscope*, we ek*ie*rmine^ that e*ae!h cubie* millitne*te*r etoniains 1000 
particles, we* know that e‘ae^h particle* we‘ighs e)ne* millionth of a mil- 
ligram. We* can e*asily calculates the* diame*te*r of a partic’k* by 
supplying the* spe*cific gravity anel assuming that c*ach partie‘k* is a 
sphere*. However, as se)e)n m we* be*ce)tne* unce*rtain whe*tlu*r all the* 
partick*s arei visil)k*, which is the*, case* with most huHcolloidH^ the opt i- 
cal mc*the)el fails us. llneler the*s<* evircumstauce*s, we* can de*te*rmin(* 
the^ Hizc of the* parti(*f(*.H by ultrafUtration, If wc* sift grains, wc* know 
that thosc^ which pass through are smalk*r, and those* which are* 

^ [Optie*.al inh()mogt‘n(*it y of sugar solutiou has be^e^n deurionHirateni. Vah ( Une'AU 
and L. i>k Bhuyn se*pamt(id Hexliuni sulphate* from solution by high spe^od c^enitrif- 
ugation. Tr.] 

^ [The^ ultriirnicroHco|K* makc*H visibh* otherwise* invisible* partie^lets Imt d«M\*4 n«it 
magnify bewemd the^ pow<‘r of its (‘ornponemt compotind inicrowtope*. '!>.] 
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held hack arc largtT than flic na*s!its ui the .•^icvc. If wi* kiuav the 
Hizc of tlu» meshes and havt* several with iiii‘Hhirs «if dilTerent 

Hi7a\ it is easy to deterinim* t!ie avi*rnge si/.«‘ nf tin* grains hy letting 
tticm pass through the ditlVniit sievi’s. ll. HKiannnai's determina- 
tion of the sizt* of tlie particles depends on this principle, I 'llffilillrw 
(jc^lly filtta^s) with dilTcrent si/4*«I }H»res serv4’ as sieves i Sf*o pp. pp r/ 

SiiUH^ there are several tnetlanls for measuring thi* .^i/.e iif tin* port*H 
(stH‘ p. HM)), it is |w»ssihle to ihderiniite thdiniti* limits for the si/.e of 
the Cidloid pariielesd 

Are the pnrtielr^ thun fouml idefiiieit! mih mtilrrules* 

In the ease of metal sols we iaiti tmmediiil«*ly says no. We know 
tin* molecular weight of iminls aial understand front it that there is 
no prospeei ttf dirtMdly seeing lh«* moleeiileM of tja* elements witli 
our present instrtmnaifs. According to K. ICtKcKK gohl particles 
of 1 g/i iliamedt^r have a mtdecular weight t»f dtMljMttK htif the molec- 
ular Wiughi <»f giiltl is pnihahty ottly IHT. and the sinalleMf partic’les 
\vv can sc*c have a diamt*fer itf d It fothiws, iht*refore, that 

cvtTV r«a*ogni/jihlt* ultramicroscopic lairticle consists t»f thousands of 
molecules. 

What are tht‘ facts in the ease of imrlteleH le/awr size is drlrrmimthle 
by uHraJilirniim/ Since alhumin, starch, etc., have lumsiially large 
nuiltsailcHi it is prohahle that tii tfean tin* nmleciile and particle si/,e, 
as tlcfermined hy ultnililtration, are idetitica!. Huh in all the mure 
likely since tlit*se hueeothiids, like crystalkmlM, are di*4rilinted !»y 
mtams of tlie action ttf the solvent, wtu^eas tin* metal hy*!rosols an* 
brought into such minute divisions emly hy nrliticial umms, 

Hut what !n a maUrutrf It is th** stiinllesf portion of a compounit 
or nf an element that may e?dst alone, If we split a molf^cule of 
cfimmoti salt we no hinger have a moleeule of NhiH hut an atom 
of Na and an at<»m C1. If we divide an alhiiitiiii iiiolisaile. we 
still have e«>mplicatiHi aftim eomptf»^es hut wi* have nlliiiiiiin no 
longer. Moleeitlar uwlybi is tin* weight of a inoli'ciih* compnretl to 
that of an atom of hydrogen whieh ei|unls unity, t diiiset|iituiily %v«* 
m* mtaisiiririg tioi iihsolute, Imf relniivi* si/.es. Hie innlectilnr 
weight is determined hy purely ehemienl If. fur eviiitiple, 

wv fiml ill scMliurti henraiate, that there are T iitniiiH of nirhuit 

(7 X 12 H-lh d atoms of hydrogen fd X I dl. 2 ntntm i»f ovygtii 

(2 X HI ” 32) mid one atom of sihUuih (I K 23 2lil. wr should 
know that ilw moleeular %veighl must he at least M-h hef^aiise half 
atoms do not exist* Hie moleeular weight iitiglil iii fiiet he two 
or three as large, wiiieh would have to !»e ilri.iiiniiied tiy other 

^ hi, Aleximiler Itiw recctirty pri.»|i*wn*fl mciwiiiriiii**nt of piirlirii^ liy tit«li 
speed eeiitfifagiititin. “ tilfriieeiitrifiigraion,** *rr.| 
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chemical investigations and determinations on other chemical 
compounds of benzoic acid. 

From similar considerations the minimum value for the molecular 
weight of certain albumins are obtained. If a protein contains one 
per cent of sulphur, then its molecular weight must be 3200 times 
heavier than that of hydrogen. (The atomic weight of S = 32.) 
But there is every reason to believe that there are at least two 
atoms of sulphur in egg albumen, because one-half of the sulphur is 
easily split off, whereas the other splits off with difficulty. Thus egg 
albumen, with one and three-tenths per cent sulphur shows a molec- 
ular weight of 4900, and oxyhemoglobin a molecular weight of 
14,800. Oxyhemoglobin contains 0.4 to 0.5 per cent of iron; pro- 
vided it contains but one atom of iron, its molecular weight must be 
11,200 to 14,000. The figures obtained approach one another very 
closely. 

Another method of obtaining the molecular weight is based on 
Avogadro’s law. This law says: “At the same temperature and 
equal pressure, different gases contain the same number of molecules 
per liter.” Thus from the weight of a gas or of a vaporized sub- 
stance, the molecular weight can be determined, if we compare its 
weight with that of an equal volume of hydrogen gas. Avogadro’s 
law was generalized by J. H. van’t Hoff and extended to solutions. 
According to this generalization the “osmotic pressure” of a dis- 
solved substance is proportionate to the number of the dissolved 
molecules and is as large as if the substance were vaporized. If a 
sugar solution is placed in a porous clay cell which is so dense that 
water but not sugar may pass in and out,^ the sugar tries to expand 
like a gas and, as a result, water enters the cell and the solution rises 
in it. If a vertical tube has been attached to the cell, the osmotic 
pressure of the solution may be measured directly from the height to 
which the fluid rises. There are indirect methods also, the under- 
lying principles of which we cannot discuss here. They depend on 
the fact that in proportion to the osmotic pressure the boiling point 
is raised and the freezing point lowered. In ideal cases these changes 
are strictly proportionate to the concentration of the dissolved sub- 
stance in just the same way that the original volume of an ideal 
gas is reduced to one-half by double the pressure and to one-third 
by three times the pressure. Consequently by determining the 
freezing or boiling point of a solution, molecular weight may be de- 
termined. In the case of crystalloids this method is preferred to the 
direct reading of the osmotic pressure for the following reasons: It 
is exceedingly difficult to prepare a cell that really holds back crystal- 
1 Such a chamber is said to be semipermeable. 
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loicls, anti, on this arrtiunt, tin* ilaniinr nf «Mfu>hlrral*li‘ t‘rr(ir is always 
present. Mnretn*ei% in st^utitniN witli unlinary iiiult’inilar wtnghfs, thf 
nsniotie pn‘ssurt‘s an* st» grrat that Vfry Inilky apparatus wtnilti li<^ 
nH|UirtHL llius, fur t^xaniple. thu usinntie prrsHurr c»f a 1 pta* ciait 
atineuiis sulutiun (4 suptr at lu.u'' (\ is aftually ll.riS;i atmusplif‘re. 

11h‘ tlit!‘uniltit‘s in tht' durvi mtanunmrHf uf pir-ssurr uf 

(•rystallt)itls thi iiut t*\ist hu\vevtu\ in thr ease ul ei»lhtitls. Almusi 
any uaauhraiu^ keeps haek euUuitls aiul the small r^vs are (easily 
na^asuretl. In unitu' t<» remuve t!ie stiurees tif tuTur due tu fhi* ptis- 
sihle prc'staua* nf erystaliuids, we entpkiy iitemhranes wliicdi are |H*r- 
mealile fur erystalluitls insleatt uf siaiu|M'rmeal»le tines (riilludiun 
Haes, animal mianhnuie-»u 

4hi‘Sc‘ physivtil mrthiHis fttr ttfirrminiuij ihr midreidar wrhihl rest 
on tlu‘ assumptitm tliat the suhstanee in sulutiun is really hruken up 
into inoleeules (etillukis eannut ht* vapuri/islu lliis etiiidifiuii tlues 
nut always t*xist in tlie ease uf erystalhiitls aial unly e\repliunally 
with {Hilluids, With erystalluitls tht*se ini'fliuds yield tiaures that 
an* either tcni hnv ur ttai liiji^h. ‘Idie fi»rini*r will ueeur if fta* suh- 
Htantn* is ineumplt*tt*ly sjdit up if Iwu* Ihn-e tir inuri' inuli'eu!t*H 
euntinur* tti he united in sulutiun. rinler these eireunisiaiiee.H ue uh- 
tain utu'dialf, uut*-thirtl, ete.. tin* ttsmutie pres-^ure that a inuteeular 
suhdivisiun wtmld sliuw. 11n* ultraiiiieruseupe ami ulfralitfrathiu 
rt*vc*al in many sululitins uf }»iu-eiilluti|s partieles uf siaii a si/e as 
hIiuw nu inuteeular sultdivisiuii hy tither inethuds; wt* may assiimt* 
then*fure that rttlkmial sulutitms fur tin* iiitisi part euntain muleriilar 
groups, aial that there is nu pruH|ieti iif di'leriiiiiiiiig the true inulis*- 
ular w’eight liy usmutie mefhtids. 

The iismutie met law I yii4ls a deeeptively Imv muleeuliir weight 
if, hir example, the suhstanre is diss»tieiated further I halt iiitu iini!e« 
eiiles. Tills ueeurs in the ease uf ehai rulyli^s. A very diliiti^ Xiit1 
sulutiun that has disstMaiift'iI into Xa anil C1 iuiis Mhtnvs iwiee the 
trui* usmutie pn»ssnre, m lliiil Ihi* muli^eulnr weiglit might he iit, 
liiilf real value. In this resjaad we may alsu make iniMtnkes with 
etilluklH wlteilt*Ver they are tulii/,ed. Thr rmihni .diuirs m tmly 

ink* how mfuiij fnmmrniM ti mohr-ulnr rmnplrf hrmkn up in ikr par* 
tieulm milttiimh It may give ettlier minimum ur mHiituum vnliirs fur 
the muteeiiliir weight. Kveit in the ruse uf rryslaltuids, Itir itiefliud 
must Im* tanpluyetl with due eun^idi^riitiun uf nil the injiulitiiuis iii« 
vulved; fur eulluitls it may !«* exeee«Iing|y deee]*tivi% We kit«iw at 
the outset, lieeause uf the enuriiiuus muleetiliir iviiglit uf eulliiiih*i, tltiif 
tin* Icnvertitg of tin* freezing |aitnt aial the rtevaliuii uf the hitiling 
IKiint must. h<* very small iiuleeih rta|uiriiig inu^^t delieiife nirasiire- 
mcmts. Tire matter lieeoiiiea still further eiiiii|ilieiil«'ii hy the fnri 
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that crystalloids are adsorbed by colloids and cannot be completely 
removed by dialysis. Each crystalloid molecule or each crystalloid 
ion may thus falsely represent the osmotic pressure of a colloid mole- 
cule having perhaps a thousand times its mass. 

The coefficient of diffusion may be employed in the determination 
of the molecular weight of crystalloids, but in the case of colloids 
it gives information concerning only the average size of the particles. 
The method is not much impaired by the increase in the size of the 
molecule, because it is only the square of the coefficient of diffusion 
which diminishes proportionately to this increase. The adsorption 
of crystalloids, on the contrary, is also in this case a source of error 
because every crystalloid molecule or ion acts as a team-mate of its 
colloid particle and hastens its rate of diffusion- The objection to 
the principles governing the calculation are mentioned on page 53. 

Before we come to concrete examples we shall mention one other 
method which may enlighten us concerning the particle content of 
a solution — the conductivity. In a solution the electric current is 
carried only by the electrically charged particles (ions). In an NaCl 
solution this is done by the Na and Cl ions; in a Na^S04 solution, 
2 Na ions and 1 SO4 ion, that is 3 ions, take part. The assumption 
is that many molecules are completely or almost completely split into 
ions; this actually occurs in the case of strong electrolytes when in 
great dilution. The conductivity thus affords us fractions of the 
molecular weight: minimum figures (values less than actual). 

My chief purpose in making these statements is to show what 
facts may be deduced from the various methods used in determining 
the molecular weight; they give only limiting values , so that no con- 
clusion is to be drawn from any one method. 

The following remarks will show what difficulties stand in the 
way when we try to learn the size of the colloid molecule. 

Among the colloids whose chemical composition is best known 
are the soaps. 

As was found by F. Krafft and A. Smits, very dilute soap solu- 
tions showed a well-marked rise in boiling point; but this did not 
rise in proportion to the concentration of the soap, as may be seen 
from the following table by A, Smits for sodium palmitate: 


Concentration in mols. 

Rise in boiling point, 
“C. 

0.0282 

0.024 

0.1128 

0.045 

0.2941 

0.050 

0.5721 

0.060 
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Tlumgli tim cHniri'utrutii^u is iiu‘n*asi*ii lwi*iily l*»iti, tin* 
point rises only two anti tnie-half In n -^»*iiiiitiii ni iti.a 

cent sodium st(*anit(*, K, IvitArFr tuuml al»si.ilu!r‘!)' im risi» in iln* 
boiling point as eompartHl to ptire \vatia\ 

L(‘t us c‘xainint‘ tin* cnuielusiun of \V , Hu;!*/, aiai A. v, \ t’;t»i:H,\rK 
Inused on their eriiieal siutly i»f the OHinotie method, rrin* r«*!IoiilM, 
like iron oxid and tungstic acid slunv a small o-^iiiutie |ire:^siiri», uuly 
so long as tlu‘y cinitain electrolytes. the eleiimlUi’ vaiii^he^, 
the colloid partick's aggn^gah* to larger eumph‘*xeH wltielt ilini eeasi* 
to show any osmotic* pn^ssure. For Ifie existence of these culliiidH, 
some eleetrolyU* contcait is an nhsolutc* ni*ci*^>*it> . 

When tliese invest igalcwsstitdied colloid elect rotyles,** jiarticiihirly 
colloid color salts (eongo red, night blue and lMai/.M|»iir|iuriii^ ivhtee 
constitutiouj molecular weight, t*tc., wen* drtrriiiineil by idiiiihciil 
mtdhods, thc*y obiuiniHl n*sti!!s wlneti especially in the case of rtingn 
red must be* closely c*xumined. Ckmgct retl has the furiiiuhi C hdbiXr 
S 2 () 6 Na«, and lH*iug a stHhum ilisui|ih«»nate, in a sinmg electriil\i«% 
Its moh*c*ulur wc*ight (M) tHHl (hi account i4 its electrolytic iln- 
Bociatiou into 3 urns (2 crystalloid and I colhadl we woiihl r^xprrt 
an osmotic pressure* threa* times as iiineh ns its iiioleciilnr iveighl. 
would indi(*ate. luste'iul e>f this W. M. |I\vi 4 sh and aim* W, Hint/, 
and A. v. VKemsAeR as well ns Domna'S nmt llAiinis obtniii«*d by 
dialysis against pure* water n pressure which was iipjiroxitiinlely o jit*r 
cent lower Hum would leave* l>i*en obtnin**d lend the undi'^mif'iiilcnl 
moleanile Ihhui aciivm 'rhe e*xplnnntton is not dillicii!! . Let desig- 
nate ley II, th(i acndic ceilor radical of emigo r«*ih eongo red has lh** 
formula E.Na^. In solution a {H*rtton l*ecoiries ioni/ed iiito |{ nini 
Na Na, of which some, e*veni ihenigh jw*sstbly «*iily a sirinll fmciioii 
forms with the II and Dll ions of the water llfl osilor iiridi mid 
NaOH. This o<‘eurrenc*e» would la* without much iiiftinnp*e in rimng- 
ing osmotie*. jire'SHurcj if the* measureuit*iit was innde in a domett vmmd 
in which tlm euiuilihrium was undisturlHsh As n mailer of fini the 
imuisurement is made in a mf*mbnnie jM»riiieiible for rleetrntytrs, 
(lonseeiuemtly tlm NaOlI which has bia*ii fornasl niviiy ninl 

some fresh color acid (Hlli may la* formed. Huh jirocess roniiiuiim 
until practically only color acid rtauains In tin* Idn- 

Bcquentlyin this instancH! we have* not measiii*i*d the liigti nmitofic 
pressure of the electr<*Iyt.ically strongly flissiiriatisl culur hiiIi btii tliiil 
of the practically undisHeH*iattHl ceilor iM‘id. If mensiimd ngiiifist imlrr 
water containing (4(adxcdyte*s, it yiehls a vtnj murk imrrt iwiit*ific 
pressure, equivulc*.nt to a value fi>r *\f t*f 2CHH. We nliiill ilmmimhk 
understaml this occurrence when we liave becoiiie rnure fniiiiliitr ivitii 
the equilibria of rncaubranes. page oil. 
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We shall only indicate here, that when the colloid electrolytes 
(thus Biltz designates salts in which one ion is a colloid) and the 
electrolyte in the outer water have originally the same osmotic 
pressure, there is a gradual penetration of the outer electrolytes but 
the colloid electrolytes cannot escape. Consequently the osmotic 
pressure in the cell is the resultant of osmotic pressure of the colloid 
electrolytes plus that of the electrolytes which have entered. If the 
latter have an ion in common with the colloid electrolytes, we do not 
find, as might have been expected, that there is an equal’ division of 
the true electrolytes (e.g., NaCl), but on the contrary, outside the 
osmometer there is proportionately more NaCl the more dilute the 
NaCl solution is (see page 62). The osmotic pressure of the colloid 
electrolytes is consequently depressed. 

From this it follows that the values determined by the direct 
osmotic methods require revision. E. H. Starling obtained 4 mm. 
Hg osmotic pressure for serum colloid in 1 per cent serum, thus ex- 
pressing an apparent molecular weight of about 50,000. E. W. Reid 
obtained a pressure of 369 mm. Hg for a 1 per cent hemoglobin solu- 
tion from which is deduced an apparent molecular weight of about 
65,000, a figure which approaches the values obtained by the diffusion 
method by R. 0. Herzog and Sv. Arrhenius. 

These figures are 4 to 10 times greater than those determined for 
the molecular weight by chemical means. 

As a matter of fact the theory of the direct measurement of osmotic 
pressure is so difficult that I do not know any results which are not sus- 
ceptible of adverse criticism (see F. G. Donnan^s theory). As the re- 
sult of direct measurement, we know that colloid solutions actually have 
an osmotic pressure and that it increases with the amount of dispersion. 
Theoretical considerations, however, show us that this osmotic pressure 
must be low. Theoretically, all solutions which contain the same 
number of particles of the dissolved substance exert the same osmotic 
pressure. Thus all normal solutions (leaving out of consideration 
dissociations, associations and other changes) exert the same osmotic 
pressure, namely, 22.4 atmospheres. Normal solutions are such as 
contain the same number of molecules, namely, one gram molecule 
per liter. A normal salt solution is one containing 58.5 gm. NaCl 
per liter and a normal hydrogen solution is one containing 2 gm. of 
hydrogen per liter (theoretically). By various means which yield 
rather concordant results it has been determined that 2 gm. H contain 
6.1 X 10^^ molecules^ or fragments of molecules or molecular com- 
plexes, ^.e., particles in solution exerting 22.4 atmospheres of osmotic 

^ This figure (6.1 X lO^^) is called Avogadro^s figure, and the various methods 
for deriving it give quite uniform values. 
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favonihlr ronditioiis siirh solulkiii.s linvr an oHinolir firoxHiirr of 
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inovalilr trarrs t»f rrystalloids wditrli i-annoi }«« srparafrd, or wliirh 
an* in rtiuilihrium with rhairolytrs that influrnrr tin* rhaUnilytir 
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CHAPTER IV. 

PHENOMENA OF MOTION. 
Brownian-Zsigmondy Movement. 

Upon examining a drop of milk under the microscope, we are at 
once struck by the appearance of the fat droplets on account of their 
strong refraction (a dark ring with a brilliant center). It is seen 
that they exhibit a certain oscillation (trembling). This character- 
istic oscillating movement is more intense with the smaller droplets 
(Fig. 5), whereas those having a diameter of more than 4 ^ do not 
show it at all. The phenomenon is named after the English botan- 
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Fig. 5. Brownian movement of milk globules. (From O. Lehman.) 

ist, Robert Brown, who discovered it as early as 1827, in an aqueous 
suspension of plant pollen. It may be observed in every suspension 
or emulsion which is suflBiciently fine. Particles of 1 /x diameter show 
a radius of translation of 1 /x- The “dance of the motes,'' the rush- 
ing hither and thither of the bright particles observed in the ultra- 
microscope,^ is nothing else than an enormously exaggerated Brownian 
movement, due to the fact that the particles are much smaller than 
those that may be seen under the microscope. Particles of 10 to 50 /XM 
have a speed of more than 100 /x per second. These movements 

1 R. Lorenz correctly calls attention to the fact that the great advance in our 
science does not date from Brown who observed the '‘oscillations'^ of microscopic 
particles h^t from R. Zsigmondy who recognized that particles of molecular 
dimensions are in a similar mobile state. (Frankforter Ztg. 4.6.11, I Morgenbl.) 
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scH'U uiuliT th<‘ ult ruiuirrt>s('U|M‘ un» r»iinpHruf 4i‘ Im lip* <!t ihi^ 

iU()l(Tul('s in actHaHluuct* with tla^ Kin**tu- rtii‘*»ry «■»! 

''riu‘ s|KH‘tl of tilt* part’u’lt'H is tlrptattliati. t»ii \i’'-riility ui i|ip 
dispc‘rsiu|i; nuHliuni mui inm’HStN with u ri^r in ti-inpi-niliin*. It h 
wry pnrtimnit \o nminirt* at this innut wliftht-r wi* hin’i' thr miMr^ 
mrtits of the oioltmlrs iiu oistiirs, ht a rrrtiiin HriiHi*, ihi'^ iiia\ hr 
auswcTcnl in tin* alfinuativin 'riinUKli wo rannuf yrf xav that this 
mnvenK^nt is inhi*rc*nt in tin* |mrtit*lns, h#'., that it wmilii lir rarnrti 
out hy tlu^ |>artit’l«‘S t htaus(*tvos» \vr may a.^^i*rt I hat if, is raiiH*tl hy 
l)lows from tiu* mc^lcantlos of thr stjlvonf, 

A. Kin-ktuin and M. von S.Mni4't'nttWHE.i fiavr iiiili'|triidriitly t!r- 
duecnl from the* Kinotit* l'ht*ory of Itiisrs. laws for ihi* llriiwnifiit 
movt*m(*nt (oxtemt of imivi'inont, intltimro of ti-iiiiirnittin* ami vis- 
cosity). It- might 1 h‘ aasumt‘d d /ir/on, that a |tartit’lr llt^aliiiH iii n 
thud would rt*main at rrst, ftu* it simultaiif^ieimly rrcmvi-^ frmii ii!t 
Hid(‘H an c*<iual numln'r t»f inipmis from iiiolrridi^s, ’rhr fallinn- of 
this assumptit)n is slunvn by M. von SMoij'riii»w.:Hivi in ii vrr\ firi'lly 
ctnnparison. If wo play rotih’ttr for a tong t$inr th«- rhanri-M for 
gaining au<l losing an* iH|ual uhsrrganling th«’ hankrr^ If wr phiy 
only a short time* we win om* ilny and lose thr In oilirr wonb 

th(* law of prohahilitics shows that the v\vvm of nittloriiiar iiii|»ii-rN 
which n‘a.(*h a parti(*h* in a given qnartrr .Hulliis* to givi* if miaiimiit 
otu* dirt*ction tir another elireetioii. TUv snniUrr ihr piuiieir. ili«* 
gH'ater is the prohahility that the impaelH will not arrest h aiid llir' 
Htrongc‘r is its movcant*nt, 

Th{^ formula of von HMotaa*iiowstit as well ns tliat of A. MiN-rvriaN 


dcanands that 


T 


he const ruit hir equal siseed partieleH, 


A » amplitude^ viscosity. T oscilliitimi time, 


Tm SvKnimmq hy hrilliantly tievtsed iiielhoils. meieaireil thr‘.e 
values on colloid metids. in various di-qier^-iiig iiiedin, -imd e-^-^inlo 
lished th(* constants. It is true that the aliHolute ligureH for the 
meiwured and for the* calculated ainplitudes tto not e.vnetiy it.gfri% 
but thc*y are of the same* eirder of magntludi^; oe., the foiiml 

an* on the average* thren* t-imi*s as large as those rnleului rd. 
also, confirmcHl the* c|uantitative incrt*ase of iiiii|i!iitifle iiei’oiii|imity- 
ing a rise* in temp<*ratun*. 

This is a remarkablr* agre*ement between llie nf ^niiiil! 

particles semn with the eye*s and t!m hypotfiesis of tin- iiniv-iiiirisi. 
of gas moleeulc*H baHenl on seienttfic imagiiiatifiii, whielt iii 

1856 and Clausius in lHo7 formulated iiiiiliieiriiitienlly iksiniir 
theory of gascis). All invesUgathms that tiiive since iiitileri-fikrii 
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concerning the laws of gases and the movement of colloidal particles 
have essential^ agreed in showing that the laws of gases proved 
applicable to very dilute solutions of hydrophobe colloids and con- 
versely, that the laws of gases could be developed from the move- 
ments of colloid particles. Boyle’s law asserts that the volume (v) 
of a gas is inversely proportional to the pressure (p) exerted upon it: 
V :v' ^ p' : p. According to Gay-Lussac’s law the volume change 
of a gas having the temperature {t) is v = Vq (1 + at) in which Vq is 
the volume at 0° and a is the coefficient of expansion. From the 
standpoint of molecular kinetics under doubled pressure twice as 
many moving particles are present in the same space. With increase 
of temperature (assuming the same pressure) at times fewer parti- 
cles are present than in the same gas volume at 0°. This assumes 
average values, though in fact, the number of particles in a definite 
volume varies from moment to moment. If this assumption is correct 
the average of the “instant values” must give values which sat- 
isfy Boyle-Gay-Lussac’s law. M. von Smoluchowski developed 
mathematically the relation between this law and the “instant 
values.” He obtained experimental verification when Th. Svedberg 
counted the number of particles for an “instant value” directly in 
the ultramicroscope and R. Lorenz counted the particles in cine- 
metagraphs of the ultramicroscopic field. The assumption also 
bridges the gap between Thermodynamics, which studies phenomena 
on the basis of the involved energy and its transformations, and the 
Kinetic Molecular Theory, which views matter as the smallest possible 
particles in motion. 

The impact that our ultramicroscopically visible particles exert 
against the walls of a vessel is the pressure they exert, and it is 
measurable for a molecularly dispersed system as the osmotic 
pressure. 

The osmotic pressure, a function of the mass and motion of a sus- 
pension whose particles are visible and measurable, was shown by 
J. Perrin to coincide with the requirements of the Kinetic Theory 
of Gases and of Thermodynamics; that is, with its energy content in 
the form of heat. 

The following considerations make this clear. Under the influence of gravity 
the lower layers of the atmosphere have a greater density than the upper; 
the number of gas particles (molecules) in 1 cc. is greater in the immediate 
vicinity of the earth than at higher altitudes. This apphes not only for gases 
but also for solutions or suspensions. 

J. Perrin prepared a very fine suspension of gamboge which he placed in a 
tall cylinder. Gradually under the influence of gravity an equilibrium developed 
in which there was dense suspension at the bottom of the cylinder with gradually 
diminishing concentration of particles in the upper layers an atmosphere in 
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It is evident that these values are free from any hypothetical con- 
siderations. It has, however, been shown that the coejfficient of 
diffusion for crystalloids bears a certain relation to the molecular 
weight. Small molecules diffuse rapidly, large ones slowly. When 
suitable formulas are used there is very satisfactory correspondence, 
provided the molecular weights are not smaller than 50 nor larger 
than 500. A further advance was made by seeking to calculate from 
the coefficient of diffusion the molecular weights of colloids whose M 
was unknown. The results were not concordant because the moving 
units in colloidal solutions are not molecules but particles/^ that 
is, complexes of molecules. 

If we connect the fact that the coefficient of diffusion decreases 
with increase in the size of the molecule, with what we know about 
the Brownian-Zsigmondy movement ^ the relationship is surprising. We 
have seen that the movement is smaller as the particles grow larger 
and it is evident that, when we layer water over a metal hydro- 
sol, the strong translatory movements which we observe under the 
ultramicroscope must carry the hydrosol into the pure water. In 
coarser suspensions possessing only vibratory movements, we do 
not expect diffusion to occur.^ Svedberg measured the diffusion 
coefficient in different solutions of colloidal gold and calculated the 
size of the particles from the very simple relation (particle size in- 
versely proportional to diffusion coeflScient). The experiments were 
carried out with two gold solutions which contained particles of 
l-SjUM and of 20-30AtM, directly measured ultramicroscopically. 
There was a relatively good agreement between the results as cal- 
culated and determined. A direct relationship between the Brown- 
ian-Zsigmondy movement and the coejfficient of diffusion cannot be 
experimentally established by methods free from criticism, because 
the hydrophobe hydrosols {e.g.j colloidal gold, platinum and the like) 
which may be counted under the ultramicroscope cannot be prepared 
entirely free of crystalloids. Since every crystalloid molecule which 
is attached to a colloid particle must greatly accelerate the diffusion 
of the latter, we are confronted with a source of error that is uncon- 
trollable. 

A series of coefficients of diffusion have also been measured for 
hydrophile colloids, which though they have not the exactitude 
possessed by those of crystalloids, reveal a remarkable constancy 
so that they may be considered characteristic for the substance 
under consideration (Sv. Arrhenius, R. 0. Herzog, Euler, 
Oholm). 

^ For the mathematical relations between diffusion coefficient, molecular 
weight and molecule or particle diameter see R. 0. Herzog and L. W. Oholm. 
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«*oiitiliuCHW piiHWigo run bo tnnaal f«*t\voon vi-niblo jniiiirlr’i in 
won* anil niattor in wilution; that* in ilio wortl^ of ibr i44 iiiJag«% 
dSiUiiura nihil JU prr mitiujn.** l'r,l 
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Tho invoatigiitioiw of H. llKoititonn iitnl J, Zinoio.iiX’ Ki in \!t %fn* 
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Even the age of the jelly may have an influence. Thus, F. Stof- 
FEL * showed (from H. Zangger's laboratory) that the diffusion- 
path of crystalloids in gelatin which was rapidly solidified is greater 
than it is in gelatin which was slowly solidified, but that this becomes 
equalized after several days. 

The rate of diffusion may be delayed or hastened through the 
presence of a third substance. This affects the diffusion in jellies to 
a much greater extent than in liquids. On page 69 et seq., we shall 
see that chlorin, iodin, nitrate, and other ions, urea, etc., favor swell- 
ing; on the other hand, sulphate, citrate, and other ions as well as 
alcohol, sugar, etc., as compared with pure water, diminish swelling, 
so that to a certain extent the meshes of the colloid network may 
be opened or closed. It is easy to understand that diffusion will 
occur less rapidly through narrow meshes than through wide ones. 
That such an influence on diffusion actually occurs was experimen- 
tally shown by H. Bechhold and J. Ziegler. They showed that the 
permeability of gelatin and agar jellies for electrolytes and non- 
electrolytes was increased by urea^ whereas it was diminished by 
sodium sulphate, grape sugar, glycerin and alcohol. An increase is 
also produced by sulpho-groups, according to Bohi.* 

It is evident that every substance which increases the permeability 
of other substances, paves the way for its own passage as well. If 
a jelly has been saturated with urea, the later coming particles of 
urea will diffuse more rapidly; conversely, sodium sulphate and 
grape sugar particles obstruct by their influence on the gel the pas- 
sage of the subsequent particles. 

There are other ways in which diffusion in a gel may be dis- 
tinguished from that in aqueous solution. We know from Chapter II 
that colloids adsorb other substances to a greater or less extent. 
By this means diffusion may be more or less impeded and under 
certain circumstances even entirely arrested. This may be ob- 
served with ease in the diffusion of dyes. H. Bbchhold and J. 
Ziegler*^ showed that gelatin was deeply stained with methylene 
blue and thus the diffusion in the gelatin was impeded;* whereas the 
juice of red beets is a dye which is not noticeably adsorbed. Finally, 
if we observe that adsorption is strongly influenced by the presence 
of salts and non-electrolytes, and that an effect on diffusion is thus 
exerted, we shall see what great complications may appear when 
diffusion occurs in colloid media. 

Though a diffusion of colloids in aqueous media was long doubted 
the diffusion of colloids in jellies was positively denied. Thomas 
Graham held it to be characteristic of colloids that they were ar- 
rested by other colloids. H. Bechhold*^ called attention to the 
* [Graham recognized the slow diffusion of colloids. Tr.] 
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cate and is torn by the slightest movement. If we add gelatin to 
each solution and permit the two salts to diffuse towards each other 
in the jelly, there is formed at the layer of contact a very resistant 
membrane supported by the jelly. Expressed generally, if we per- 
mit two substances which form a precipitate together, to diffuse 
towards each other within a colloid medium which serves as a sup- 
port, a membrane is formed at the surface of contact which may 
have, depending upon the nature of the reacting substances, very 
different degrees of permeability. 

Since the time of Moritz Traube,* such membranes have been 
studied, especially by G. Tammann,* W. PFErFER,*^ Adie,* P. 
Walden* and N. Pringsheim.* The chief interest, however, cen- 
tered in the osmotic phenomena of salt solutions which could be in- 
vestigated with the aid of such precipitation membranes, whereas the 
properties of the membranes themselves, with few exceptions, received 
but secondary attention. For investigations of osmosis the following 
substances are especially suitable: ferrocyanid of copper and ferro- 
cyanid of zinc; indeed all ferrocyanid-metal compounds are suitable 
since they are completely impermeable to many salts. They are 
briefly described as semipermeahle membranes^ because they are per- 
meable to water though impermeable to most crystalloids. If we 
permit a zinc ferrocyanid membrane to develop in a gelatin jelly 
and by the addition of potassium ferrocyanid exercise a very great 
osmotic pressure, the membrane will break in spite of the jelly sup- 
port, but it will not permit any potassium ferrocyanid solution to 
diffuse through. 

Besides this extreme case there are membranes of the most differ- 
ent permeabilities. Following up the work of the botanist N. 
Pringsheim,* H. Bechhold and F. Ziegler*^ exhaustively studied 
such membranes. They impregnated gelatin with silver nitrate or 
barium chlorid, and poured the molten solution into test tubes con- 
taining sodium chlorid or sodium sulphate. At times a layer of 
pure gelatin was interposed. At the surface of contact membranes 
of silver chlorid or barium sulphate were formed, which, however, 
were permeable for the salt solution on either side, because the mem- 
branes grew in the direction of the greater osmotic 'pressure ^ i.e.j into the 
solution with the smaller osmotic pressure. 

If, for example, the silver nitrate solution was more concentrated 
it diffused through the membrane so that the latter grew into the 
sodium chlorid gelatin; but if the latter was more concentrated the 
reverse occurred. If both sides had the same osmotic pressure a very 
thin membrane formed which was sufficient however to arrest com- 
pletely the diffusion of both salts. Evidently the meshes of the net- 
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tain low concentrations; stronger solutions work to a certain extent 
in the opposite direction. 

The influence of electrolytes on the membranes of the organism and 
their permeability may depend on different causes. It may, for ex- 
ample, affect the swelling, and thus, the permeability. Alkalis in 
general increase the swelling; so also do acids in great dilution, but 
when concentrated they usually cause shrinking. Chemical changes 
due to chromic acid, etc., diminish the permeability. 

The influence of electrolytes is not however limited to this rather 
indirect action. We shall see on page 77 et seq., that differences of 
potential may develop at the interface between a solid phase and a 
fluid. Thus, for example, cellulose and wool are negatively charged 
with respect to pure water. In the case of the majority of animal 
membranes, most of which are amphoteric, the difference in potential 
develops only in faintly alkaline or faintly acid water. The pres- 
ence of salts likewise raises or lowers the difference in potential. 
The difference in the adsorbability of ions is accounted for also in 
this manner. Wherever a difference in potential exists, the diffusion 
rate of water is lowered. Salts, on the other hand, develop a differ- 
ence of potential in the course of diffusion; in their passage through 
a membrane, they raise or lower the existing difference in potential. 
Vice versaj on this account the diffusion rate of salts is affected by 
the difference in potential existing in the membrane. 

A membrane may thus be the seat of an electromotive force (F. 
Habeh,* Gieard*), provided that it separates two salt solutions, or 
a salt solution from water, and that one solution be faintly acid or 
faintly alkaline. In the first instance the diffusion through the mem- 
brane will be much impeded, in the latter much accelerated. 

The results of R. Burian*^ also indicate differences in potential in 
the ultrafiltration of albumin-salt mixtures; at reduced pressures, he 
obtained as filtrate a salt solution isotonic with the liquid filtered. 
If he filtered under increased pressure, the filtrate contained a lower 
salt concentration than the original solution. F. G. Donnan* has 
made an unusually important and fundamental study of membrane 
equilibria, based upon the osmotic pressure and membrane potential 
of electrolytes containing a colloidal ion. I shall try to present 
Donnan^s ideas without entering upon their mathematical basis. 
Let R represent an acid colloid, e.g., congo red, which forms a salt 
with Na, and let the line which separates the colloid electrolyte from 
water in our diagram be a membrane, impermeable to the colloid. 

(a) Membrane hydrolysis. Let us consider what occurs when the 
outer water is constantly renewed as described on page 92 et seq., 
which may be represented in the following diagram: 
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NaCl which diffuses depends on the concentration of the solutions 
in space (1) and space (2). If the concentration in space 2 (C2) is 
high in proportion to that in space 1 (Ci) much NaCl will pass from 
(1) to (2) and, if the conditions are reversed, only a little will do so. 

Mathematically represented (assuming complete electrolytic dis- 
sociation) we have the following equation, where Ci or C2 represent 
the molar ion concentration in the respective spaces and X the frac- 
tion of the molar ion concentration which diffuses from (2) to (1) : 

Ci-X _ Cl -h C, 

X Ci 

X Co 

If C2 is small in comparison with Ci we may express it: tt = tt* 

C2 Cl 

X 1 

If Cl is very small the equation becomes 77- = o* 

C2 ^ 

The following table taken from Donnan’s work illustrates the dis- 
tribution of NaCl. 


Original concentration 
of NaR in (1), 

Cl 

Original concentration 
of NaCl in (2), 

C 2 

Original relation of NaR 
to NaCl, 

Cl 

Co 

Per cent NaCl dif- 
fusing from (2) to (1), 
100 X 

Co 

0.01 

1 

0.01 1 

49.7 

0.1 

1 

0.1 

47.6 

1 

1 

1 

33 

1 

0.1 

10 ? 

8.3 

1 

0.01 

100 

1 


Though we might assume d priori that the NaCl would distribute 
itself equally in both spaces in the presence of a membrane absolutely 
permeable for it, this table shows that the colloid electrolyte has a 
remarkable influence as soon as the concentration of NaCl falls. To 
a certain extent the colloid electrolytes drive the NaCl out of the 
cell. If Cl = 1 only about 11 per cent of a physiological salt solu- 
tion (C2 = 0.145) could penetrate the cell; or if it were already in 
the cell it was reduced to about 11 per cent. Apparently the mem- 
brane is permeable only from one side for the readily diffusible NaCl. 

(c) Finallv we must consider the case when the colloid electrolyte 
in the membrane is opposed to an electrolyte without an ion in com- 
mon, as for instance: 


Initial condition 

Na 1 K 


Equilibrium 

Na I K 
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concentration of ions on the two sides of the membrane. Let us 
consider the simplest illustration of the equilibrium between NaR 
and NaCl represented in our table on page 60 where the original con- 
centration is NaR : NaCl =1:1 and equilibrium is established when 
33 per cent NaCl passes from (2) to (1). 

The schematic representation would be: 


Eqxiilibrimn 


Na 

Na 

Cl 

R 

( 1 ) 


Na 

Na 

Cl 

Cl 

( 2 ) 


In this instance all charges are mutually satisfied excepting those of 
Cl and R. The slowly diffusing anion R is opposed to the rapidly 
diffusing anion Cl so that a difference of potential must arise at the 
boundary surface. In the cases hitherto described, the membrane 
itself is the seat of the difference in potential. The conditions are 
quite different if the membrane acts only as a bounding surface, that 
is, if it is not equally permeable for all ions. In this case, the uni- 
versally present “contact potential,’’ existing in two contiguous 
salt solutions, is modified by the aforementioned property of the 
membrane. 

Finally, we must recall another kind of membrane which does not 
fall into any of the previous categories. According to W. Neenst, 
a film of water upon ether forms a semipermeable membrane for 
benzol. The experiment is carried out in this way: A pig’s bladder 
is soaked in water; the bladder plays no part, other than to hold the 
water which forms a partition between ether and ether containing 
benzol. Here the semipermeability of the membrane depends en- 
tirely on selective solubility. Benzol is insoluble in water; ether on 
the contrary has a limited solubility, and as a result ether diffuses 
through the water to the benzol. Subsequently many such com- 
binations were devised. They are very extensively distributed in the 
organism. It is unnecessary to think of complete semipermeability 
in every case; scattered deposits (fat, lecithin, etc.) may suffice to 
bring about a partial permeability. 

The membranes of Wistinghausen depend on this principle of 
selective permeability. He impregnated with gallic acid salts, 
animal membranes which then became permeable for fat; by merely 
washing away the salts the permeability is abolished. Attention 
should be called to a remarkable observation of Zott (cited by 
H. Zanggee) which belongs in this chapter. He discovered that a 
membrane through which sugar has diffused, permitted the passage 
of gum arabic after it had been moistened with alcohol. 



CHAPTER V. 

CONSISTENCY OF COLLOIDS. 

Internal Friction. 

The various colloids show all possible transitions from fluids to 
solid substances. A fluid may take on any shape, and the work 
necessary to change its form, f.e., to overcome its internal friction, is 
very slight. Solid substances, according to Wilhelm Ostwald, pos- 
sess a form-energy also called elasticity; the energy necessary to 
change their form, i.e.y to overcome their internal friction, is very 
great. If we picture to ourselves a number of colloids and gels we 
pass from a true fluid, water for instance, through the albumoses 
and albumin solutions to the semifluid gels (e.g., 1 per cent gelatin), 
jellies and finally to the firm substances (e.g., horn). 

High internal friction, viscosity, is a typical property of hydrophile 
colloids. Since colloids are diphasic systems, the internal friction 
will depend, above all, upon the size of the free surface of the colloid, 
i.c., upon the concentration. Changes in temperature are of great 
importance. The absolute as well as the relative influence of concen- 
tration is, indeed, characteristic for colloids. Even traces of colloids 
(agar, gelatin) may increase the viscosity of water to an extraordi- 
nary extent. We may obtain all degrees of internal friction with 
agar and in fact a 5 per cent solution of agar is a solid body at room 
temperature. 

Usually the viscosity increases with decrease in temperature, inas- 
much as substances then approach the solid condition. Gelatiniza- 
tion is analogous to the solidification of a molten fluid, where internal 
friction rapidly rises within a small temperature range. 

J. Feiedlander,* D. Holde* and V. Rothmund* proved that 
artificial emulsions (gum water, castor oil, so-called solid fats) exhibit 
a variation in their viscosity curves according to temperature and 
concentration, similar to that shown by many natural hydrophile 
colloids. T. B. Robertson* found that emulsions of oil in water 
became increasingly more viscous the higher the concentration of 
the oil, until a critical point was reached when the viscosity decreased; 
the water then became the dispersed phase. 

Internal friction is indeed a very complicated phenomenon. It 
depends according to W. B. Hardy upon (1) the internal friction of 

64 



CONSISTENCY OF COLLOIDS 


66 


the different phases, (2) the surface friction of the internal surfaces, 
(3) the surface tension of the internal surfaces and (4) the strength 
of the electrical charge. To what extent the individual factors influ- 
ence the internal friction is as yet unknown. 

We have, however, received valuable guidance from the study of 
the effect of electrolytes. Especially remarkable is the parallelism 
between swelling and internal friction. It depends, apparently, on 
the fact that both phenomena are characterized by an increase, i.e., 
multiplication, of the free surfaces. Thus, for instance, we see that 
acids and alkalies which favor the swelling of gelatin also increase 
the internal friction of albumin, because there probably occurs an in- 
crease in the free surfaces of the albumin ions (see p. 153 et seq.). 

Swelling and Shrinking. 

If a crystalloid (common salt, sugar) is thrown into water, it sub- 
divides in it until finally it is completely dissolved; the particles of 
salt or sugar lose their cohesion. A colloid (glue, wood) in contact 
with water increases its volume, it swells; its particles retain their 
cohesion. This property, however, is possessed only by hydrophile 
colloids. 

The imbibition of water, that is, swelling, may either go on in- 
definitely in the case of colloids, so that finally the particles are torn 
asunder and a solution or sol is formed as in the case of albumin; or 
the imbibition may reach its limit very rapidly, as in the case of wood. 
Between these there are all sorts of transitions, e.g., glue. Only in 
the case of gels is it usual to refer to swelling. In the organism, gels 
having very slight ability to swell serve as covering and framework 
{e.g., hide, collagen, shells and wood). They are intended to retain 
the outward form. The same is true of the supporting tissues of 
the individual organs and even of the cells, vessel walls, the mem- 
branes of the intestinal canal, connective tissues, the vascular bundles 
of plants, cell membranes, etc. On the other hand, the cell content 
possesses the ability to swell to a high degree. 

Every organ has a certain definite normal fluid content. A healthy 
plant has a definite turgescence and the protoplasm of a healthy 
animal a given degree of swelling; every abnormal change in this 
signifies illness or even death. Without doubt swelling plays a very 
important role in the case of many phenomena which have hitherto 
been attributed to osmotic pressure. Indeed, the osmotic pressure 
is only manifested completely in the presence of a semipermeable 
membrane, whereas the ability to swell does not require the presence 
of a membrane. Swelling may under some circumstances counter- 
balance the osmotic pressure or even overcome it and concentrate 
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solutions. An excellent example of the latter is described by C. 
Ludwig. He hung a well-dried animal bladder in concentrated salt 
solution. The bladder swelled, taking up a dilute salt solution and 
common salt crystallized out in the remainder. Amphibia, e.g.y 
frogs, may lose one-fourth of their body weight upon drying as has 
been shown by E. Overton.*^ Although they contain about 80 
per cent water, the osmotic pressure of the blood almost doubles. 
The explanation of this is that only a portion is water of solution, 
the remainder is water of swelling. Upon drying the water of swell- 
ing is more strongly retained than the water of solution. 

Swelling exhibits manifestations of energy to no less a degree than 
osmotic pressure. I shall give several examples taken from Wolf- 
gang OsTWALD^s ^^Grundriss.’^ According to the investigations of 
the plant physiologist. Hales, swelling peas were able to lift the 
cover of an iron pot weighted with 83.5 kilograms. H. Rodewald 
found that it requires 2523 atmospheres pressure to overcome the 
swelling pressure of starch. J. Reinke* determined the swelling 
pressure of laminaria, a sea weed. Some of his data quoted from 
H. Freundlich give us an idea of the enormous pressures, changes 
in volume and amounts of water taken up when swelling occurs 
and of the pressures required for dehydration. Ten layers of dried 
laminaria scales each 0.1 mm. thick and 50 mm.^ were placed in the 
apparatus. 


Pressures in atmos- 
pheres. 

Elevation in mm. due 
to swelling. 

Percentage of water 
by volume in 
air- dried substance. 

41.2 

0.16 

16 

21.2 

0.35 

35 

7.2 

0.97 

97 

1 

3.30 

330 


We obtain a fair idea as to the general course of swelling by ob- 
serving a sheet of gelatin. Dry gelatin takes up one-third of its weight 
of water from a moisture-saturated atmosphere at room temperature, 
in order to reach a condition of equilibrium. If this sheet is then 
placed in a dish of cold running water it absorbs from it 10 times its 
dry weight of water in order again to reach a condition of equilibrium. 
In dry air the water evaporates and shrinking occurs. The experi- 
ment may be repeated as often as desired with the same result. On 
this account substances of this group are termed elastic gels. 

Coagulated albumin, e.g.y boiled fibrin, behaves differently. If it 
is air-dried a horny residue remains which, though it takes up 
some water, or swells when it is placed in water, never again 
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extraordinary degree. This, however, does not depend only upon 
the electrolytic dissociation of various acids and the concentration of 
H or OH ions. In the case of strong acids it reaches a maximum 
kt a certain concentration and then decreases. Thus Martin H. 
Fischer found that fibrin, which swelled to 8 mm. in water, in 
0.02 normal HCl reached the maximum swelling of 48 mm.; whereas 
in 0.1 normal HCl the swelling reached only 21 mm. In the case of 
H2SO4 the maximum swelling was only 11 mm. in 0.024 normal acid. 
Purified glutin (according to the experiments of R. Chiari in Paulies 



Fig. 7. The swelling of fibrin in solutions of various sodium salts 
( 5 ^^ molecular). (From M. H. Fischer.) 


laboratory) is so, sensitive to acids that it swells less in distilled 
water than in Vienna Hochquellwasser, because of the C ()2 contained 
in the latter. Furthermore, distilled water may even be distin- 
guished from conductivity water by swelling experiments with 
glutin. The swelling in alkalis is still greater; in 0.02 normal NaOH 
it reached 77 mm. M. H. Fischer believes that the swelling in 
acids is dependent upon the concentration of the H ions minus the 
effect of the anions of the acid under consideration. In this case, 
there probably exists an antagonism between cation and anion, such 
as may be demonstrated in the case of neutral salts. A similar rule 
probably obtains for alkalis. 
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* To nay -fueling 1 e ■’ -,ev« e. 

are tlicfiwlvi.^ ntnuigly to^tr. r.^ , - , 

IiIiIp wiiiill ii^ Ov -.j,; i. p-.., 
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than g(‘latiiu (h^atin may absorb about 25 times its weight in 
watia; fibrin 40 timers, order in which neutral salts act on 

g(4atin is diflVn^nt from that in whicli tlu‘y act upon fibrin. 

It may be assunuHl that the diflVnuit g(4s of tlu^ organism vary 
quant itativt‘ly in thcar b(4iavior under tlu^ infliumce of tlui same elec- 
trolyti‘s and it is o!)vious that salt al)sorption of different g(4s 
¥arii\s as well as th(‘ir wat(‘r absorption. An invc'stigation of the 
watiT anti salt absorption of difltTtait kinds of g(4s in the pre^stmt^e of 
mixturvH of t4t‘etrolytt‘s is much to b(‘ (U'sinal. Our knowledge of 
tisHuc^s and stan't^tions fcu'cc^s us to the (;onc.lusion that tlu^ difTcaxait 
tisHUt\s poHst‘ss a vt^ry difTt'nait .speeijic (ibility to alhsorb ctTtain sub- 
Btanet‘s or ions. Only thus taui w(‘ undt^stand why the l)lood cor- 
pustdt's witlulraw tnort‘ potassium salts from tlu^ lymph, tlu^ cartilage's 
more sodium salts arul tlu' bont'-btfilding tissut^s more' cale'.ium salts. 
Only thus cjin wt' obtain a {‘e)m*.e'ptie)n t)f the' spt'cific crystalloid con- 
k'ni of various st't'n'tions anel of st'lt'ctive^ resorption. 

The Crystallization of Colloids. 

14u)ugli P. Ih V(h\ WniMAHN tle'scribt's the' crystalline state as the 
'^Hote* ultimate' cemelition of matte'r’^ which is characte'risticO for all 
sulmtance'H (t'vt*n gase*s), we' shall not atte'itipt lu're' a critical study of 
this th<*ory nor dc't.e'rmine' the' lirtiits e)f the' crystallizatie)n of se)liels. 
We sliall (‘onside'r only how crystals e)eu‘ur in e‘e>lle)ielal substanete's 
and iimri' particularly limit ourse4ve‘s te) the' bie)(H)ll()iels. We' kne)W 
only a Umite'd numbt'r e)f crystallizabh' bie)eu)ll()iels; the me)st irn- 
|K»rtant are' t'gg albumin, horse' se'rum albumin, ce'rtain ])lant albumins 
(aleureai e'rystals frean Para nuts, e‘.e)tte)ti, he'inp anel Hunfle)we'r se'e'els), 
oxyla'inoglobins, he'mogle)bin and me*the‘mogle)bin. Egg albumin has 
be'i'U obtairu'd in the' sliape' e)f ne'e'elle's, tin' albumins e)f ve'gc'tabU' se'e'els 
lairtly in eH'tahe'dra and partly in table't>-Hhat)e'd he'xagemal prisms. 
Oxyhemoglobins erystaUixt' in vane)UH ways de'pe'neling upon tlie 
animal s|H'eie'H frean which tlu'y are' eh'rive'd. For c'xample*, hease 
oxyhi*m<iglo!)in forms rheanbic, and seiuirre'l oxyhe'mcyglobin forms 
hi'xageaiiil prisms. Tlu'sc substaue't's may be' re'cjrystallize'el anel imde'r 
tf«' same conelitions give' the' ide*nti(ial crystal form. It may l)e‘ re»- 
marke'd in pnunsing, that many (crystals giving the' alhnmin re'ae'l.ion 
have fn»e|Ut'ntly bc'e'n ohse'rve'd in organs, hut tlu'y have' be*e'n in- 
mifiicii'ntly Btudii'd. [CJiystalline form is itmrke'.elly influe'uccMl l)y t lic^ 
I>re*se'nce of protective^ colloidB in the (‘rystallizing He)lutie)m Se'c^ J. 
AnKXAxnmt, Kolloid Ze'iteejhrift, iv, p. 85. Tr.) ('rysialline^ prealucts 
have' btaai ol)tainc*d from darcheHf e.g.j H|)hca’o-(!ryHials from imdiiL 

^ llibliogriiphy given in Wo. Ostwalo’s Grundiss dor Kolloidcheinic (DrcHclcn, 
1911 ). 
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T\\(^ erystallizatiou u( alkalim* >alts ut thr /nlli/ ami anjlit 

acids Ls \xvl\ known. 

Tlu‘ crystals c^f aolhutls an^ tlistin^iiishahlo from thusr of rrysfal- 
louls in many n‘S|HH*ts. Unit tiu*ir solution prrcnirti l»y a ^wrllini^ 
Ls not' sur|>risin|i{ in view of tin* hyiiro|ihilt* t'olloitlal eliaraetia* of tin* 
suhstanc‘(‘H umliT t‘onsuleralioJi. i hi the oilier hami. it i‘^ riiiinrkiihle 
that iiilwr amsdiurnis may always he litimniHirateil ns inehisiiins. 
The* erystallizi‘il i^kilmlins from ve^etahle seeii^. alway.H eontaiii emir- 
inon salt. K. A. IL MouKKii’* showed lhal mity tiie Hiil|ih«tfeH of 
eglC ami stamm alhumin were erystalli/ahie. As hi \nm:im 
has slunvn, oxyhianoglohin erystats tlo not vtmtmn their |irii|ter jtro- 
portion of alhumim ami althoui»h numerous researrhes on ervstiilli/,ril 
egg alhumin liave lieeii umlerialoan in*UtTerent insiaiiees the nmouiti 
of eontaintHl earhohydrate vari«'«i. 

In spite of liaise faets, we ar«* of the iipinioii ilia! eolhnds ran 
actually crystaHi/aa and that their erysta! ft»rm is not roiitre41r'd l«y 
th(» «’rystnlloiti impuritii's. We kmm that ervstjil|t»ids frn|i,iriiily 
inclmte motlier lit|Uor, that they may form mi\ed er>'4iils mid 
that it is often im|H>ssihle to remove imptirifit's l'‘y orelinnry re- 
crystnlli/.ation. In view of the persistent snli eiinti*iii of erystalli/-rd 
alhnmins it is firoluthle that only tlu'ir sali ^ike eoinpoiinds n 

dihiniti* crystallim* shape. Ksj«*eially favorahle to this ^ieiiv in the fart 
n^ported liy Dauuowski* that ervslalU/e»l egg alhimiue wiieu j4aeed 
in a d.h |H‘r cent solution tif ammonium Hutphale, evlnlats a nii»ri" 
raphi dilTusion than salt free egg idhumnn and has ahotit oiir-si\fh 
of the atomic volume of the latter, ‘ria* erysliitli/.ed egg nllniiiiiin 
tliitreforei is formed of smaller pnrtieles. 

The Life Curve of Colloidi. 

Though in the ii!»serieeof rhemieal changes, rrvsiiillnids rrtain iln-ir 
physical }iro|>erlies, in tin* ease of collokh after n lii|»H*'of tnnr r|iaiig«-.% 
occur wliirli are mmtmmly ciilhal For m-itaip’e, ‘nlieie iirid 

which has Iii*eit freshly prepareil from water ghee^ -ohiiion iind Ift1 
is at first fliiilymhlt* hut limes this proja^rty afiet n !*■%% dirws. \!ie4, 
of the ‘‘aging plienomi’iifi** of are chiiracte-rnn'd l»v iIp- fjirt iliiil 
the purl ides of a highly di^jM'r^e-d Miluiion giiih»-r iog<-f!-*ri Im foiin 
larger piirticles* tllilt their sensilivenes»% to llomilaliMii iii*'rrie:rd 
or that they sjM.iiitiiiieously rongiiliilr. In ih*' rasr- *4 gi-ln-. ilirir 
eliwticity suffers «*}iiiiiges ainl thi*y Iwaaiine i,ipti«%ally mhtmpi^riu'uipi 
or furl lid. 

Itemring in iiiiiitl tliiit nitloids are tnetiislahle syntmiH. it in rihviMii.Ki 
that in file course of time they muA elniiige. »$nr«* fhev iro4 I • 
come stable systriiis. In the e?^iimiiiiilioii of n colhicL iIp- |irii|«-riir,n 
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found, strictly speaking, are applicable to its momentary condition; 
previously and subsequently it has different properties. Every point 
of its life curve has a previous history and the final portions of this 
constantly flattening curve are the aging phenomena. In con- 
tradistinction to crystalloids every colloid is a particular individual. 

If solutions of hydrophobe colloids, e.g.j arsenic sulphid, gold solu- 
tion, etc. (without protective colloid), are permitted to stand for 
some time, they flocculate after a short time or else after a lapse 
of years. It may be that traces of electrolytes are responsible 
for the flocculation. In other cases, electrolytes certainly play no 
part; as I shall show by a number of examples, there is an evident 
tendency for the unstable colloids to pass over into less dispersed 
and stable systems (see L. Wohler^s* observation on the aging of col- 
loidal molybdic and tungstic acid). Several years ago H. Bechhold 
and J. Ziegler 1 sought to prepare for therapeutic purposes, with 
the aid of new and especially suitable protective colloids, solutions 
of such organic substances as are insoluble in water (iodoform, iodo- 
chloroxychinolin, camphor, etc.). They succeeded in thus preparing 
the substances, which, however, kept only a few weeks, when they 
would separate out in crystals. Obviously these substances are not 
sufficiently insoluble and they exhibited the adsorption phenomenon de- 
scribed on page 18. P. P. von Weimarn made analogous observations 
on the sol of barium sulphate in which crystals appeared at the end of 
six months. The inequality of the particles, or more correctly 'the 
“specific surface, obviously militates against the stability of such 
colloid solutions. In the majority of cases, it soon leads to the 
“death” of the colloidal system. 

Furthermore, we must emphasize that the changes in the col- 
loidal system need not always consist in a diminution of the disper- 
sion. Occasionally we find that the particles become smaller with 
the lapse of time, but this has hitherto been observed only in the 
case of hydrophile colloids (glycogen, benzopurpurin, hemoglobin, 
lecithin, etc.) (W. Biltz and L. Gatin-Gruszewska,* Lemanissier,* 
E. Rahlmann,*^ R. Zsigmondy*^). 

Under some circumstances even electrolytes may act disruptively. 
Thus B. G. Moore and H. E. Roaf* observed that minutest traces 
of electrolytes are absolutely necessary for the stability of an albumin 
solution, as was frequently pointed out by E. Jordis for hydrophile 
sols. W. Biltz and H. von Vegesack* observed, however, that in 
the case of dye solutions, merely with the lapse of time, marked in- 
crease in viscosity occurs. 

It may be pointed out in connection with the aging of jellies^ that 
^ As yet unpublished. 
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freshly jxnired gelatin eyliiulers reaeh a prartieully c‘unstaut nuHhilns 
of (^lustieity at the end of tiiree to four hours. I1iis aeeurds witli tlu* 
fact ohs(TV(‘d by F. Stofkuu, that iTVstalkmls diiTuse more rapi<ily 
in (|uickly chilk‘d than in slowly eliilled gtiatin^ and that this dilTer- 
enc(‘ disapja^arH after smaaiil days (stn* p. a4). 

At the outset we sjK)kt^ of the curve of ajlk»idsc^ of aging 
pluaiomena/^ “death/' “indivkluul pniperties/' i»tc., and it might 
appi'ar that tht'st^ are only sinuk\s hiU'rowed from tin* tirgaiuzetl 
world. Tn my opinion the* relationship is closer, and I believe that 
we may ol)tain a more profound umliTstanding the |dienomeita of 
Life (ho unintelligiblt* to us) l>y a stiuiy id such {ihenmnena in ci^lloiils. 

Aging has hitluTto InHm considenHl, ft^r tin* lUiKst part, a purely 
biological pluuionieium. In my opinion, wt* may itllack the probleiiiH 
with the metluKls of c^xact seteuee, if we i’tmld but separate two 
grotips: the organs (cell groups), wliieh ciinstantly ri*new tlaanselves, 
from those which are lasting. Wv wHUikl, d priori, expert i’lianges 
in the lattiT similar to those obsiTvetl as aging phiiminena in et»b 
kads. We saw that a rapklly i’hilleil gelatin was at first i*asily pene- 
trabk^ for erystalloids, but that with time its resistance inerea'^rd. 
W<* may, tht‘rtdort', assume tliat- in ytamg organs ifre.^h me{ii!iniiie,?H) 
tht'^ exchange of matter by difTtiskm priHaasis itmre riipittly. 11ie 
dc*creasi‘ in elasticity, one of th<* nuist cliariicteri..'«*!ic pliemuiitaia of 
aging, may he mtwurahly followed in aging gelatin. In fact it lias 
hetai shown that for the vital staining of iwrvvn with methylene hint*, 
young animals are more statable than <ild tuies. Willi aging lliert* 
occurs ^hrinking^ winch bt^gins alnaidy in intrauterine life. In the 
third month of liuman fet4d life tlie water ixiiit.rtit is ll-l fier eeiil, at 
hirtii it is 69 t4> 66 pt*r cent, in lalult lift* fiH jier cent. We nmy ?4iiy 
in general tliat with aging then* is a deermise in the ^w*elling eiipiifdly 
of the organ colloids. Hits holds Imth for animal whirli 

lose waiter as tliey grow older, and for plfints blry Inives ■-■■ ■■ ligidti- 
cation). 





f.if Lijii4|»4#liirli 

(a)i uiMmgiiiiilt'tl; il♦‘% 'i'rMjti K. I-'. Fir 



CHAPTER VL 

OPTICAL AND ELECTRICAL PROPERTIES OF COLLOIDS. 
Optical Properties. 

CoLLiHiiAh w^IutuniH, r.f/., ulbuttuiu ulvvays sliovv a turbidity. 

If a Htroui^ ray liKht is passtnl throu|rh su(‘h a solution, its path 
may bo hwu as a bri^lit baud, (Son VUiiv 1.) Tlu‘ “Tyndall plu^- 
luiuionou/* as it is known, is much mori' distinct if a ray of li^ht is 
|>asst»d thr<ni|i:h smoke or thro\ip;h a turbid suspension, in wlue^h (‘ase, 
tin* rctit*ctt‘tl Flight is polarii^^eMl. This phi'iumunon manifests itself 
if a sunbeam pass<*s into a dark room. Tla^ illuminattMl dust par- 
bu‘!eH (motes) app(*ar bright against the* dark background. 

Mu'uakl Fauaoav observ(‘d the* phe‘ne»me‘n(m in the* ensc e)f gedel 
hytIroHids and la* was ksl to the* opinion that such se)lutie)nis, whie*.h we^. 
lunvatlays call cedletids, we*re' nothing but e*xtr(*me‘ly finedy divieh'd 
suspenshms |dispe*rse<l systems). It was a gn‘at se*rvieH‘ to scie*ne*.(‘, 
when fb StKnKNTteCF and !(. ZsieiMe^Nov rt*cognize‘el the* importancu^ 
eif tliis plienome*ium her the* iuve'stigatieen eef (H)lloids, and euenstructe'el 
an instnnnent nelapt(*d tee (his purpose* by passing tin* r(*ll(*(‘T(‘d light 
inlet a micr<ts<*e»pe. In tins way th<*y e)btaine*d Itright piedtire*s of the* 
suspe'iideel |Kirtie’!e*H ctn a chirk ground. Sineu* ne*itlH*r of these* in- 
vestignletrs paid any atte*ntion to the* rt*pn*se*ntation of the* shape* of 
tin* particle*'^, and de*vott*d tlu*ir aUe‘ntiem only to the* r(*lle‘e.tion of a 
|wiint of light* it was possible*, by utirr/ang the* stremg(‘st sonre*t‘H of 
hglit (sum are* lamph tet porce‘ivc paHh*le‘s lying b(‘low tlu* limit of 
micritseatpii* visibility. d'he*y, tht*r(*fore‘, e‘alle*el the* api)aratus tlu^ 

The gremf iiumbeu* of funelam{‘ntal obHe*rvationH with the* ultra- 
mirroseatpe whi<*Ii we* owe* to R. ZHUiMONOY and his folIowe‘rs leaver 
Iteeit rrptiifenlly ineutietind. Ib ZHieiMONDY calle‘d tlu* partie‘l(‘s 
w!itt*li lie e’oiild de^finiicly distinguish against the* elark fi(*ld, but 
mdiieli were far belttw the* limit etf ini<’rc>se*e)pie^ visibility, sah/n/eTew,s- 
(from b to 2a() /4^), If only a faint e’one* of light e*.ould be* se*i‘n, it 
\h tti be iissiiiiu*cl in many (*ase*s, that the* smallne*SH e)f tlu* individ- 
iifil partieleN |m*rludes tlu* re*eognition of t*ach one*. Sucdi pariielc‘H 
filiiiler b lie ciill<*fl amimms. 

Most inorganic hydrosols, (*H|H*eially liu^tnis, feu*m e‘liara(tte*nHti- 
cally etdoreal solutions, r.g,, silv(*r hydroseds art^ brown, platinum 
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hydrosols are greenish brown, gold hydrosols are red but become blue 
and finally brown when electrolytes are added. In the ultramicro- 
scope the individual particles are not of a uniform color. For in- 
stance, collargol has blue, red, violet and green particles, the particles 
of a red gold solution are chiefly green, those of blue solutions range 
from yellow to reddish brown. 

• Theoretically, submicrons of the same size should have the same 
color so that the variety of color in the ultramicroscope indicates 
variation in the size of the particles. As a matter of fact, as we have 
said, the smaller submicrons of finely divided red gold hydrosol are 
almost all green though there are very small brown submicrons. 
There is no entirely acceptable explanation for the color variation of 
submicrons of identical size. 

The number of particles visible in the ultramicroscope is, in the 
case of hydrophile colloids, usually far less numerous than might 
have been expected from their other properties. This is the result 
of their inferior reflecting power. If a piece of swollen gelatin is 
immersed in water it becomes invisible, because no light is reflected 
to the eye. On this account the ultramicroscope is not suitable for 
determining the number or size of^ the particles of hydrophile 
colloids. 

We may here recall an observation of G. Quincke*^ which is 
perhaps destined to be of great importance for many biological 
questions but which deserves attention, even from a purely physical 
standpoint. G. Quincke observed that in the induced clarification 
of mastic, gamboge, kaolin and india ink suspensions, the flocks 
usually separated on the dark side; in spontaneous clarification of 
kaolin turbidity, however, they settled on the light side. A turbid 
solution of tannate of glue settled out, mostly on the side towards 
the light. He described this phenomenon as 'positive and negative 
photodromy. This fact is suggestive of many of the phenomena 
which H. Siedentopf*^ observed in his light reactions in the ultra- 
microscope. 

JellieSj especially those of higher concentration, on deformation 
by compression or traction, show double refraction (Kunet). Nega- 
tive refraction was observed in the case of gum arabic, collodion and 
gelatin, positive in the case of tragacanth and cherry gum. The 
same kinds of jellies when dried showed respectively the same kinds 
of refraction. If gelatin poor in water is brought in contact with 
gelatin rich in water, so that there is a mutual interchange of water, 
both become doubly refractive. (M. W. Beijerinck.) On re- 
peated swelling and shrinking of jellies, the positive double refraction 
passes through an isotropic condition into a negative. (Quincke.) 
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('Iiloritls and nitrat4\'^ diminish the double refraction; sulphates are 
without Phtmols (*hange th(‘ din^ction of tlu' refraction. 

The pluuiomt^non is important for tlu^ uiuh'rstandinp; of th(‘ double 
refraction of organiztMl structuri's (plant fibtTs, muscle, horn, etc.). 

Electrical Properties. 

If two t‘lectrod(\s an‘ placcnl in a solution of a hydrosol as as 
p<»ssi!>l<' of (‘lead roly tes, and a curnait is allowtal to pass throuji;h, w(^ 
imm<‘diat(‘ly uotic(‘ tlu‘ mov(‘m(‘nt of tlu^ (U)lloid to oiu^ of tlu^ elec- 
tro(h\s. Various suspcaisions (suspensiotm of clay, rosin, (dc.), as 
well as most hydrophobe' hydrosols mif^nite to th(‘ anode, wluTt'as 
tht' ('olkadal metal hydroxids (iron or aluminium oxid hydrosol, et(‘.) 
move to ihc' cathoeha Ilydrophile colloids (albumin, etc.) exhibit, 
if almost free from ekudrolyU's, no definite recognisable directive 
tt'ndeney. Tlu* one of If ion comumtration in whi(‘li there, is no 
migration has betm named by L. Michahlis the nsodedr/c zone. 
Thi' atkiition of atnds cause's migration of theses c.olloids to the 
eathoik'. alknlu's to tlu'. anodc'; tliey tlu'ti bidiavc' as if tlu'.y were 
Hidts of the acids or alkaku's involved, and this may ac.tually corrt^- 
H|Kmd with th(' facts (see p. 149 ei aeq.). 

Tins movement of suspemsions and hydrosols against th(' wat.('r, 
under the inflmmce of th(‘ t'lt'etrie (nirn'ut , is (talk'd catnphoirsiH, 

The colbi<l particles ludiavc^ likt^ ions and tlieir speed of migration 
is similar in rate. Zhkjmonov calculatcsl from the speed of migration 
((),(K)2 mm.) and the dianu'U'r (oOg/x) of the partiek^s of a colloidal 
silvca* solution, that tlu^ partick's (diargt'd with 297 X 19 

electrostatic units wiiich is th<^ c(|uivalcnt of 92 (4('mental units. 
Hucdi a partick' is in a cc'rtain sense an ion of 92 vakaicics. 

If a proieeUee eoUoid (albumin, g(‘latin, (‘tc.) is add(‘d to a sus- 
j>eiiiHion, thi‘ latter acts as if its ('iitin' mass wm eompoH(‘d of tlu^ 
j^rotectivi' colloid. Tht* eommt'reial inorgani(t (udloids (tH)llargol, 
lysargin, tdc.) do not bc'havt* in an ek'ctric curn'nt m doen inire 
eolloidal silvc'r, but as allanninH or allnunosc's. Tlu'ir diri'ciion may 
Im* c’hangcHl at will by tlu* luldition of acids or alkalis. 

The process may be nwaTsed, that is, iht' water may be movtsl 
imdtT thi* hifluence of <4c*ctrieal difftTC'nee in pottadial, providinl 
tlu' Huspimsion is held 9xt*d. The ('Xpc'rinumtal procedun' is as 
follows: Inst('ad of a clay susptmsion wt‘ choose' a porous day wall 
I> (Fig. Hi, pernu'ahk' for water, by mc'auH of which a U-shaped 
tube is dtvidetl into two parts. If the' tube' is hik'd with wate'r and 
infti e*ach bratich an e*le'(*tre>de‘ is intreHhu'e'el, the' wate'r move's undc'r 
the iiiflmmt'i' u( the' ('k'ctric* eurre»nt anel, in fact, it will rise' e)n the^ 
e*athode side until it c'xe'rts a e'e'rtain pre'ssure' against, the' anoek^ 
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This process is called electro-endosmosis. In principle the two 
Lomena are the same. For the exact study of electrical migra- 
which was first investigated by G. Wiedemann and G. Quincke, 
rro-endosmosis proved to be experimentally more easily avail- 
. A. CoEHN* has shown that it is a general and quantitative law, 



Fig. 8. Apparatus for electro-endosmosis. (H. Frciiiidlich.) 


substances possessing higher dielectric constants are positively 
ged when brought into contact with substances of lower dielectric 
fcants, 

e have already seen that numerous substances arc negatively 
ged in respect to water while others are positively charged and 
under the influence of the electric current there occurs a move- 
3 of the suspended substance or of the water. This migration 
be influenced by the addition of electrolytes. J. Peiirin used 
tiragms of porous carborundum and of naphthalin and measurcnl 
imount of water which passed through the porous wall by (ui- 
losis, under the influence of an electric current, 
the following table + indicates passage to the positive, — to 
xegative pole. 


Diaphragm. 


Solution. 


Amount of fluid 
trarwferrod in emm. 
por minuto. 


oruudurn 
orundum 
orundum 
orundum 
orundum 
orundum 
ithalin ^ . 
ithalin. . , 
.thalin. . . 
.thalin. . . 
ithalin . . . 


0.02 mol. IICI 
0.008 mol. HCl 
0.002 mol. HCl 
dist. water 
0.0002 mol. KOr[ 
0.002 mol. KOH 
0.02 mol. HCl 
0.001 mol. HCl 
0.0002 mol. HCl 
0.0002 mol. KOH 
0.001 mol. KOH 


-f 10 
0 

- 15 

- 50 

- GO 
-105 
+ 38 
+ 28 
4- 3 

- 20 
- GO 


;ried to cause naphthalin sinspensions to migrate ih strong currontH (400 volts) but could not 
e any cataphoresis either in neutral, in, acid or in alkaline solution. Nor could I obtain a 
ion of suspensions of naphthol and naphthylarnin, in neutral, very faintly acid or very faintly 
.e solution (hitherto unpublished). 
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It follows from this that the negative charge of negative diaphragms 
(as is evident from the table) increased in alkaline solution. With 
a decrease in the OH ion concentration (with naphthalin) or the in- 
crease in the H ion concentration (with carborundum) a point was 
reached in which there was no difference in potential between water 
and diaphragm. With further increase in the H ion concentration 
the diaphragm took on a stronger positive charge. 

^ If a positive diaphragm is chosen, as for instance chromium chlorid, 
the conditions are reversed. 

J. Perrin studied the influence of salts in the presence of acids 
and bases. It was shown that they cause a loss of charge with moder- 
ate concentrations and, in fact, that the strength of their action de- 
pended, in the case of positively charged diaphragms, upon the 
valence of the anions, while in the case of negatively charged dia- 
phragms it depended upon the valence of the cations. With higher 
concentration of polyvalent anions or cations a loss of charge may 
occur. 

Upon calculating the concentration of salt which just halves the 
amount of fluid {v in mm./minutes) transferred, the following figures 
were obtained: 


Diaphragm. 

Charge. 

Salt. 

V 

i=i 

(NaBr or KBr) . 

Carborundum 


NaBr 

50 

1 

Carborundum 

_ 

Ba (^ 03)2 

2 

25 

Carborundum 

— 

La(N03)3 

0.1 

500 

Chromium chlorid 

+ 

KBr 

60 

1 

Chromium chlorid 

H- 

MgS04 

1 

60 

Chromium chlorid 

+ 

K3Fe(CN)6 

0.1 

600 


The last column - shows us that the discharging effect increases 

with the valence of the anions as 1 : 25 : 500 and in the case of 
cations as 1 : 60 : 600. In the section on “flocculation,’’ we shall 
see a very remarkable application of this phenomenon. 

Of the many theories proposed to explain these circumstances, 
that of H. Frexjndlich and L. Michaelis, according to which the 
various ions are adsorbed to different degrees, seems to us most prob- 
ably correct; in point of fact, the H and OH ion have especially 
high adsorption coefficients. Since a separation of anion and cation 
usually cannot occur, there arises a difference in potential at the 
surface between the dispersed phase and the water. An indifferent 
substance in a weakly acid solution will adsorb H ions and become 
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positively charged in respect to the fluid; in an alkaline fluid it will 
become negatively charged. If the dispersed phase itself has basic 
or acid properties it will behave in pure water like a cation or an 
anion respectively. If to an acid suspension, e.g.j clay, an alkali is 
added, K ions are adsorbed, OH ions are concentrated and held at 
the outer film and the negative charge is thereby increased. The 
reverse occurs upon adding acids; the charge is released and may 
even take the opposite sign. According to this view, colloids wan- 
dering to the anode are discharged only by cations; those travelling 
to the cathode only by anions. We have seen that polyvalent ions 
have a considerably greater discharging power, which increases with 
their valence. This experimental fact accords, as do all the others, 
with the theory propounded. 

In the case of hydrophile colloids, it suffices for us to assume that 
we are dealing with very large amphoteric molecules which become 
cations in acid solution and anions in alkaline solution. 

Salting Out. 

If large quantities of a neutral salt, for instance ammonium 
sulphate, are added to a solution of a hydrophile colloid (albumin, 
globulin, casein, albumose, silver protected by a protective colloid, 
etc.), or certain inorganic hydrosols, e.g.j sulphur, the colloid is thrown 
out, but it redissolves upon dilution with water. This is the process 
of salting out, as practised technically. If, for instance, enough com- 
mon salt is added to an aqueous solution of phenol, the phenol 
separates out. We might regard this as a withdrawal of water by 
means of the electrolyte, since we know from the observations of 
recent years that ions form hydrates in aqueous solution, i.e., every 
ion attracts a greater or smaller number of molecules of water. I 
have, however, been unable to discover any relation between the 
salting out process, from the figures for the hydration of a number 
of different ions as calculated by E. H. Riesenfelb and B. 
Reinhold*. 

The more closely a hydrophile colloid approaches the crystalloid 
condition, the greater is the concentration of salt required for salting 
out. Thus, for instance, the albumoses are classified in accordance 
with concentration of salt required for their precipitation (see 

p. 166.) 

As early as 1907, Bechhold had already called attention to the 
relation between salting out, and particle size and salt concentration. 
S. Oden produced the experimental evidence that reversible sul- 
phur and silver hydrosols could actually be separated in fractions, 
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distinguishable by the size of their particles, by “fractional coagula- 
tion,^^ ^ ix.j by the addition of salt solutions of progressively increas- 
ing strength. 

The influence of neutral salts exhibits regularities which are of 
great importance in a number of biological phenomena and which we 
shall repeatedly encounter. The salting out of hydrophile colloids, 
gelatinization, the irritability of muscle and nerve, the permeability 
of cell membranes (blood corpuscles, etc.), the swelling of membranes 
and many other phenomena are thus related to a group of physico- 
chemical properties of solutions, whose relationship is indubitable 
even though the true basis is not clear. With H. Frexjndlich we 
shall describe these effects of neutral salts as lyotropic (solution 
changing), and we shall study them more closely. 

Most inorganic salts increase the surface tension of water and from 
a table of W. K. Rontgen and J. Schneider we obtain the following 
series for the increase in the surface tension by the alkaline iodids: 

Na > K > Li > NH4. 

With the anion of various alkalis: 

CO3 > SO4 > Cl > NO3 > I. 

Though the compressibility, the solubility and the viscosity of 
water are changed in a similar order by neutral salts, the relation- 
ship is much more fundamental. Neutral salts may accelerate or 
impede catalytic effects, such as the inversion of cane sugar, the 
saponification of esters and the changing of acetone into diacetone 
alcohol. The action in acid solutions is usually the reverse of what 
it is in alkaline solutions as has been shown by R. Hober. In acid 
media the acceleration by cations is 

Li > Na > K > Rb > Cs, 

in alkaline media 

Cs > Rb > K > Na > Li. 

For anions in acid solutions the following order holds: 

I > NO3 > Br > Cl > CH3CO2 > SO4. 

In alkaline solution the series is reversed. 

In neutral solution also the lyotropic series holds, although small 
changes in the arrangement may exist for some of the ions. 

1 Since reversible hydrosols are considered I might describe the procedure 
preferably as '^fractional salting out.” 

It is particularly interesting to know; that according to Oden and Oholm the 
particles do not coalesce but retain their identity and when they are redissolved, 
there are as many particles in solution as before the salting out. 
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We encounter such lyotropic series regularly in the salting out of 
hydrophil ecolloids (sec Albumin, p. 146 et seq., Lecithin, p. 140, 
Gelatin, p. 161) and in many biological phenomena, where they tend 
to cause either a precipitation or a concentration. 

However, we must not assume that the action is such that in one 
case the anion alone is active, and in the other the cation alone. 
There are many reasons for believing that there is an antagonism 
between anions and cations, and that the action of the cation is more 
or less powerfully increased or diminished depending upon the 
anions present. If in a given instance we speak of the cations 
causing precipitation or dehydration, we always mean the difference 
between the effect of the cation and the opposed action of the anion 
present, in which, however, the action of the cation predominates. 

The divalent cations Mg, Ca, Sr and Ba act more strongly as pre- 
cipitants than the monovalent cations. Biologically they are im- 
portant in connection with alkali salts, inasmuch as small quantities 
of calcium salts are able to replace considerably larger quantities of 
alkali salts, e.g.j Na or K. This greater effect may even lead to an 
antagonism between the two; it has been thoroughly studied by 
Wo. Pauli and H. Handovsicy."^^ It is sufficient to mention 
that in the case of alkali albumin, Ca salts form a less ionized 
Ca all)umin combination from a more ionized Na albumin combi- 
nation. According to the law of mass action small quantities of Ca 
may be replaced l)y larger quantities of Na. We may thus under- 
stand the significance of the Ca content in all physiological fluids. 
Mg, Sr and Ba act in a similar manner. They have in addition 
certain specific properties which obscure the relations. 

Large quantities of alkaline earths cause irreversible changes in 
many biocolloids, that is, they produce insoluble compounds with 
tluan. Electrolytes may exert another effect on the biocolloids; 
tlu^y may cause ^Tlocculation,'' a phenomenon we shall now study 
more closely. 

Flocculation. 

If albumin is boiled, it coagulates. A coagulation of albumin may 
also be prodiuxKl l)y the addition of ammonium sulphate. Though 
the latter process may l)e reversed by dilution with water, the boiled 
albumin cannot again he brought to its fluid condition, by any 
physical means. The hydrophihi colloid has been converted into a 
hydrophobe colloid. For uniformity's sake, we shall consider as co- 
agulations only such processes as cause an irreversible change. 

If wo heat a very dilute albumin solution, there is apparently no 
coagulation; at most the fluid l)ecomes slightly opalescent. In 
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pension and the electrolytes within certain limits, the greater is the 
rapidity of flocculation. The dependence upon the concentration of 
the electrolytes is especially noticeable in the vicinity of the elec- 
trolyte threshold. Further away from the electrolyte threshold the 
rapidity of flocculation is less dependent upon the concentration of 
the electrolyte. (H. Bechhold.*^) 

Under certain conditions, an excess of electrolytes may lead to 
re-solution. This phenomenon is called peptisation, Graham first 
observed this occurrence upon treating ferric oxid gel with ferric 
chlorid and compared it to the formation of water-soluble peptone 
from coagulated albumin and hydrochloric acid. As a matter of 
fact, peptisation probably depends upon a renewal of electric charge 
by the excess of electrolytes. 

As has been shown by H. Freundlich and his pupils Ishizaka 
and ScHUCHT these facts furnish an indication that the more sen- 
sitive a substance is to flocculation, the more will it be adsorbed. 

The great majority of colloids migrate to the anode, and on floccu- 
lation the cation is of much the greatest importance; the anion plays 
but a subordinate role. The conditions are reversed in the case of 
the few colloids which migrate to the cathode. However, R. Burton 
has shown that with increase of electrolyte concentration the rate of 
migration of the colloid becomes constantly diminished and finally 
the direction may change. At the stage when the concentration of 
(‘lectrolytes is such that reversal occurs, in other words the isoelectric 
zone, flocculation is most rapid. The increase in the action of the 
cations is out of proportion to the increase in their valence. The 
electrolyte concentration necessary for the flocculation of a mastic 
suspension is FeCls : BaCb : NaCl = 1 : 50 : 1000. There are also 
cc^rtain anomalies (see' H. Bechhold,*^ as well as M. Neisser and 
U. FiiiEDEMANN *) in Connection with the rate of migration of the 
ions, as well as in the electrolytic dissociation and especially in the 
ionization pressure of electrolytes. In general the above relation 
bc^tween the action of the cations is maintained. The powerful 
flocculating action of the H ion without doubt depends upon its 
high speed of migration while the OH ion has a corresponding action 
upon colloids which migrate to the anode. 

Flocculation by means of trivalent iron and aluminium salts show 
peculiar anomalies. These were discovered by M. Neisser and 
U. Friedemann* and also by H. Bechhold*^ and called irregular series. 
Latevr these phenomena of Inhibition Zones were followed further 
by O. Teague and B. H. Buxton*^ and also by A. Lottermoser.* 
An example from my published paper will best explain the phenom- 
enon. XXX means strong flocculation, X X medium, X none. 
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'Vlw cllscH)Vi‘ri‘rs c‘xphuu tlu‘ phonomoiioii by sayinji; that the salts 
un(l(n‘| 2 ;(> strong hydrol^h-ic dissociation so that the col- 
loidal iron and ahmiiuiuin hydroxid present in the solution act as 
“protcTiivt* colloids^’ sonuavhat lik(‘ jj[;elatin or albumin. 

dla‘ fl(K‘(*ulation hitluTto d(‘S(Tib(Hl o(;curs only with true hydro- 
pliolH‘ colloids. If th(‘ i!ulividual particles poss(‘Ss a film of native 
albimrnn gelatin, an albuinose (such as Na lysalbinate), (h'xtrin, etc., 
tlu* particlt‘s act as if i\uy W(‘rt‘ tht‘ “ prohadive colloids” involved 
(set' p, 77); in otlu'r wortls tlu'y art' saltt'd out only by vt'ry largo 
amtmnts of t'lt'ct roly it's. Tlu* colloid prt'tripitaU^ can be redissolved 
in water providing tht' j)rotective colloid is not (hmatured by the 
t*lt‘ctn»lytt*s. On this account all tlu' colloidal iiu'tal sols used tht'ra- 
pt'utically such as collargol, bismon, etc., art^ ^‘stabiliml” l)y hy- 
tlrophih' t'olh)ids. Withotit this protetdion it would be impossible 
to prestTVt* thtan for any Ic*ngth of ihno and tht'y would bt^ lloctai- 
hdeti wluai tlu'y wt'rt' pn'part'd for intravtaious ust' by dilution with 
pliysitilc^gical salt solution. 

it. ZsnJMoNOY (*onsid(‘rs as characteristic of hydro])hil(' colloids, 
tilt' protnt'tion tht*y givt' to his gold hydrosol against llotuuilation by 
elt'ctrolytt's. Ib* dt'signates as tht' gold ftipire, tlu' amount (in mg.) 
of th(‘ ctilloid in tnn'stion, which was just suflic.ieut to virevent the 

2 

floctnilation of H) c.c. of a gold sol liy 1 c.t'.. NaOl sol The flotjcai- 

fb 

la! ion is accompanit'd by a change in color from red to blue, and it is 
suflicitait to obst'rvt' this (‘liangt'. 

Tlw following data from H. ZsKaioNoy illustrate this point; 


<•,454,1,1. < JoUnigura in mK. 

Ci'lnliti ''o(K15 0(H 

C'jtHriii. ............. e (U ^ , , . js 

KgK itlhmiicii O JHi 0,3 (dqHaKhng upon its origin and ash content) 

(him arahic .j d. lfrO.25 

IVagarunth 

Dr^trin lUJiC) 

Pofiito .Hfarrh ....... I 25 , ,, , 

Sodium f4fearnte ! id , 

Sodium OdKH (mlded hoibng hot) 

Sodium olcatc . 0,4 I 
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Peptones have no protective action at all [Peptones may cause 
I)r(H*ipitation. E. Zunz, Bull. Soc. Roy. des Sc., Med., et Nat., June 
11, Tr.], whereas some of the albumoses, especially sodium 

llisalbniate and sodium protalbinate have a very powerful protective 
action which G. Paal utilized in preparing a large number of inor- 
gaui(‘ colloids. 

S('usitiv(m(‘ss to flocculation may vary considerably with the 
nature* of the protective colloid. 

Idu* Jl()CCidation of hydrosols may be l)rought about not only by 
(dcadrolytes but also by hydrosols^ providing they have an opposite 
elecdric (charge*, as has been shown by W. Biltz. Thus, for instance, 
arseaiii* trisul|)hid, gold and platinum hydrosols, etc., are flocculated 
by ironoxid, aluminiumoxid, chromiumoxid hydrosols, etc. A proper 
relative* inixtun* is n'ciuinal, which means the charge of the positive 
sol must 1)(* (K)unt(‘rbalanced by the charge of the negative sol. If 
a sol is in oxcoss, no flocculation occurs, and the entire compl(*x con- 
sisting of l)oth colloids migratc^s, when placcul l)etween two elec- 
trod(*s, in tin* dir(‘ction of tlu^ sol (J. Billitioh*) which is in excess. 
This c'xplaius why prot,(‘ctiv(* colloids may under some circumstances 
produc*{* flocculation inst,(*ad of [)r()tection, namc'ly, whem they are 
nddtMl in minimal (piauf.ities. Thus, for instance, mastic emulsions 
art* Hot*culat.(Ml by O.OOOIl to O.OOOl per cumt of gelatin (H. Beciuioli) 
anti alst) M. Nuissnu and II. Frikdumann). IlydrotJiloric acid in a 
dilution incapable of producing flocculation by itseJf tuin coagulate 
gold hydrosol, mastic or oil emulsion in the presentjc of one part of 
gelatin per million. 

As has alr(*ady l)t*(ni numtiont'd we must not confuse the salting 
out of hydrophilt* colloids witli floctuilation, though tluTc are bordc'r- 
lim* <*ast‘H which (complicate* the ph(*nom(‘non. If wtc add for instance 
a sttli ttf a heavy nwtal to a dilutt* albumin solution, a more or less 
irr(*vt*rsihlc albumin-nudal compound will form, dt'pendcnt on the 
iiiitiin* of tlu* salt u|M)n whicch tluc (*xc(*ss of albumin a(*-ts as a pro- 
ttaiivt* colloid. Acids may cause* a loss of charge and the intJ^al salt 
may them (‘xhibit some* fhxunilating and some salting out action. 
Sutdt a case* rnigld occur, for instamu*, on adding zinc sulphate to 
allmmin (studied by Wo. PAirm). Tlu* pro(;(‘ss is as follows: 

ZiuSOi 4- Allmmin. 


C3i)5 n maximum flocculation (irreverHil)l(‘- till 1 n). 

1 n. prc^cipitaic (ILsapixMirs. 

2 n prc'cipitatc r(‘a|)pearH (rovcTHiblcJ. 

4 n. maximum precipitate (rcwerHibkO. 


I'hcrc an* tranHitions b(*tw<*(*n hydrophobe* and hydrophih* (‘ol- 
loids whicli an* n*.sponsil)lc* for tlu^ transitions between flocculation 
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and salting out. Cholesterin and lecithin may be regarded as such 
transitional substances, whose flocculation has been thoroughly 
studied by 0. Forges and E. Neubauer.* Cholesterin closely ap- 
proaches the hydrophobe colloids, lecithin the hydrophile, and on 
this account the former is irreversibly precipitated by salts and the 
latter reversibly. Yet the concentration of alkaline earths required 
to precipitate lecithin is considerably less than for the more hydro- 
phile albumin, and conversely much greater concentration of salt is 
required for the flocculation of cholesterin than is the case with true 
hydrophobe sols. In the case of lecithin, the ^^rregular series” 
occurs even with neutral salts (magnesium and ammonium sulphate). 
As will be seen in Chapter XIII, such transitions from hydrophobe 
suspensions to hydrophile colloids may be artificially produced with 
emulsions of bacteria. 

Much has been written on the theory of salting out and flocculation. 
No one theory accounts for all the individual facts, yet the following 
explanation is generally useful. Flocculation is brought about by 
the coming together of small particles to form larger complexes. 
These agglomerations always occur under the influence of electric 
forces and in fact the optimum for reversible salting out is in the iso- 
electric zone (see p. 158). The process, must, therefore, be brought 
about by a discharge of the particles. Risdale Ellis has shown by 
researches on oil emulsions, that the charge at the interface between 
water and the dispersed phase is probably reduced to a minimum by 
the addition of precipitating electrolytes. The smaller this charge 
is at the interfaces (electric double layer), the more readily the 
double layer is broken down, resulting in a union of the suspended 
fluid or solid particles. 

In the case of anodic colloids, cations of an electrolyte, and in the 
case of cathodic colloids, anions or an oppositely charged colloid, 
lessen or neutralize the electric charge, so that the particles may 
unite. (See H. Frexjndlich^s Kapillarchemie ” and Wo. Ostw all's 
^^Grundriss der Kolloidchemie.”) 

Irreversible precipitation of metal hydrosols frequently occurs out- 
side the isoelectric zone and the electrolyte threshold is not as sharp 
as with reversible hydrosols. 

Radioactive Substances as Colloids. 

It has been demonstrated by electric migration and dialysis that 
radioactive substances occur in coUoidal solution. In view of the 
great biological significance of such substance we shall explain the 
facts more fully. 
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dODLEwsKi * found upon electrolysis of the radium emanations and 
their products that the radioactive substances migrated mostly to 
the cathode in acid solutions and to the anode in alkaline solutions. 
Pankth dialyzed a solution of radio-lead nitrate against pure water 
in a parchment thimble and greatly concentrated the RaE and 
poloniuni in the thimble but the relation between RaD to lead was 
not changed. Both phenomena are characteristic of colloids and 
indicate the colloid properties of radioactive substances; this led 
them to continue their investigations. Godlewski * successfully 
adsorbed RaA, RaB and RaC with inorganic colloids and concen- 
trated the radioactive substances by precipitating the latter. He 
was successful not only with radium but with actinium, mesothorium 
and uranium. The concentration of radioactive substances by 
adsorption on colloidal silicic acid (Ebler, Fellner) has attained 
great practical value in the manufacture of radium preparations. 
In fact IliiA and RaC may be collected from acid solutions simply 
on filter paper and by burning the paper a highly active ash, free from 
Ralb may be obtained. It is evident that in solution radioactive 
(elements undergo hydrolysis with the formation of a colloidal radio- 
liydrosoL 



CHAPTER VII. 

METHODS OF COLLOID RESEARCH. 

A FIELD of research extending as does colloid chemistry into so 
many other branches of science must be served by countless methods. 
Purely chemical as well as physical and biological methods which 
the investigator of colloids utilizes in his studies, have been so well 
developed and so thoroughly described in technical literature, that it 
is needless to discuss them more fully here. 

There are, however, several methods which are peculiar to colloid 
investigation, and we shall consider them here. Unfortunately, the 
limits of their usefulness are as yet unestablished; for some one to 
establish them would be highly desirable. 

In discussing the following methods, I have not sought complete- 
ness but have considered only those which have proved practical; 
I have personally tested most of them. 

To determine whether a solution of a substance is colloidal in 
character it must be tested by dialysis, ultrafiltration or diffusion. 

Dialysis is a purely qualitative method which determines whether 
or not a substance is colloidal in character, i.e., whether or not it 
consists of large particles. 

Ultrafiltration in most cases may be used instead of dialysis; it 
works much more rapidly and above all permits, in addition, quan- 
titative experiments, and consequently has a much broader utility. 

Both methods serve to separate colloids from crystalloids. This 
separation occurs with dialysis if the water surrounding the dialyzer 
is frequently renewed; it occurs with ultrafiltration, provided the 
substance on the funnel is washed repeatedly, as in an ordinary filter. 

Diffusion is an excellent quantitative method for the investigation 
of particle size. The performance of diffusion experiments is, how- 
ever, a difficult matter, because even variations in temperature may 
cause material errors. 

Dialysis.^ 

The most varied apparatus and membranes may be used for 
dialysis. An apparatus described in most textbooks and used in many 

^ An exhaustive description of all known methods of dialysis is given by E. 
ZtJNz in Abderhalden’s Handb. d. biochem. Arbeitsmethoden 3, pages 165-189 
and Supplement, pages 478-485. 
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teaching laboratories is the one originally described by Graham. A 
wide-mouthed salt bottle A (Fig. 9), with its bottom broken off, has 
a pig or ox bladder or a piece of parchment bound about the neck; 
the ^bottle is placed with the membrane downward, in a vessel of 

water (B)k The solution to be dialyzed 
is placed in the bottle. 

Precautions: Before the membrane is used, 
it should be tested to see that it can be made 
wet by water. Greasy animal membranes 
must be rinsed with fresh water several times, 
on both sides. To determine whether the 

Fig. 9. A simple dialyzer. membrane leaks, a colored solution {e.g.j a 

drop of colloidal silver, litmus, or water colored 
with hemoglobin) is placed in A and allowed to remain there several hours, 
without putting any water in the outer vessel. Colored drops will pass through 
at points of leakage (the margin where the membrane is bound should be espe- 
cially watched) . To make sure that the drops are really colored solution and 
not pure water, they should be absorbed by filter paper. 

In all dialysis experiments, the substance under examination may simulate 
colloidal character by being bound or adsorbed by the dialyzing membrane. 
Under these circumstances, if we wish to determine whether the solution under 
examination contains colloidal substances, it is necessary to use the smallest 
possible membrane with the largest available amount of substance. If too little 
substance is used, it may all become bound by the membrane, and in spite of the 
fact that it is not colloidal, none will be found in the dialyzer. But if so much 
of the sul)stance under investigation is used, that in spite of any possible ad- 
sor[)tion l)y the membrane, plenty still remains in the dialyzer, then an examina- 
tion of the water outside will settle the question. 

In practice, Graham^s dialyzing apparatus is not frequently em- 
l)loyed, because it has a small dialyzing surface, and this is a great 
disadvantage. 

In order to bring the largest possible surface into contact with 
the surrounding water, there are used either whole pig bladders, ox 
bladders, fish bladders, or the commercial parchment thimbles.^ 

I have had very good results with fish bladders (condoms) which 
are very thin, uniform and elastic, though unfortunately they are 
expensive. Parchment thimbles, referred to above, are recommended 
for the dialysis of large quantities of solution. They may be obtained 
in all sizes and in all lengths. The suspension of a fish bladder is 
conveniently accomplished by pressing it between two glass rods 
which are held together by rubber bands (cut from gas tubing) ; the 

1 With organic solvents, instead of water, alcohol, benzol, etc., must of course 
be employed and the membrane (preferably collodion) is previously soaked in 
these fluids. 

2 These are on sale at the 'Wereinigten Fabrikcn flir Laboratoriums-bedarf 
Berlin, Scharnhorst Str. (The Kny Scherer Co., N. Y., are the American agents.) 
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Fkj. 10. A HhIi blnddcT 
(condom) dialyz(‘r. 


^lass rods art‘ laid ovm' a tall narrow lK‘ak(‘r, in wtfudi the water is 
plaecnl. ibirehintmt tulx's ar<‘ suspt'udiHl in a similar manma’. To 
avoid tying om‘ (aul of tlu‘ tnlH% it. is hung up in I '-fashion so that 
both op(ai cauls an^ pr(‘ssixl togcdlua* by ilu‘ glass rods (stH‘ Fig. 10). 

PirenulionH: In lilling and hanging the ixirchnu'nt tuhes the air nmni; he <ai- 
tirclv pressed out hefon* fasteming the* (aids, for should water dialyze in, eonsider- 
nlile pressure* will dev(‘loj>, whi(*h may I>ursl tin* m(*m- 
hnuu‘. All tilt* pos'aut ions givcai on pagt* 00 must he 
ohseawtHi (d(‘gn*aHing, ahsorption, (‘te.). 

Fxetdlcad dialysis nuauliranes may be pre*- 
partal of vallotlion or {jUwial turilc avidH'oUo- 
dion, Iluar grc‘at advantage^ is that thi*y 
may be* prt*par(*d in any desircal si/a*, sha|>(^ 
and dc'grca* of pc^rmeability, and ar<‘ (‘usily 
stcaalizcul. 

As an c‘xampt(‘, wc* shall t‘xplain how to 
mak(‘ om* such mc*mbra,uta A test lub(‘ is 
dippc’d into (‘ollodion and them allowcal to drip, 
being twirlc‘d meanwliih*, and when it liasaA’/V/aec/ 
orrr, the* whole tube is c[uiekly imm(‘rsc‘d in 
watc*r* In a sliort time*, the* tube* is eirenmeiscal 
at a hc'ight which will give* a nuanhranc* of the* 
desinn! length; with a little practices the* nu^mbrant* (*an lu' nutioved 
from the* tube* with c*as(*. Tin* nuanl^ranc* may 1 h‘ fornuxl inside* the 
lube* abai ley rinsing the t(*st inht* witli collodion or glacial atudle. 
(mllodion nncl th<*n tilling it with wat(*r. In a similar mamu*!', spluT- 
ic*nl or (*ylindric’al nu*mhnin<‘s of dO to 10 cm. long and 10 cm. 
diamc’tc*r may be* made* (se*e* Fig. II). Such sacs may be^ faste'iuxl 
to a glass ttibe witli thrt*ad or {’olkHlion so as to form a watea*- 
fight jtdni. dhe* me*mbra!U‘s art* insst pr(*s(*rvt‘d in wa,t<a' to 
wiiieh a lit tit* chloroform has bi*en added to pr(*vt*iit the growth of 
moulds, 

III iiiakiiig his eollotlion sat‘s, (5 , Maumtano ’ use‘s glass tul)t‘s of the* 
sltiipe shown in the* at*eompanying diagram, which a.rt‘ rotatexl by a 
mot<»r to secure uniform drying. Ida* sphe*ne‘al swelling alTords an 
easier removal of the* Hm (sim* Fig. 12). Aft(*r the: cut is made* 
flinuigh the roltodion skin at the* (*(|uator of the* sp!u*r(* (—•>), it is 
t*ari*fu!ly loosmed from tlu* glass and tnnuxl insitle* out or the^ rim is 
fa-deite<! to a large* glass luhe* whi(‘h is t*xhauste*d, thus the* skin is 
lfio-eiit*d from the* spherical portion. J. Due^UAUX ust*s v(‘ry thin 
itilies, nltoiil I cm. in diam<‘ter and I me*t(‘r long, so as to get the 
krgf*.Hi possible Mirfuee*. 

^ Ari Miiiing ft) a pfivuiual cummmucatiun. 
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G. Malfitano and J. Duclaux use their sacs chiefly for ultrafil- 
tration though they are equally useful for dialysis. Biologists fre- 
quently use little reed sacks for dialyzing; they are frail though 
sterilizable, but their capacity is small. 

Schleicher and Schull (Duren) sell dialyzing thimbles. They 
are tubular, closed at the bottom, moderately firm, made of parch- 


ment and, since they maintain their form, they are useful for certain 
experiments. They are employed in the Abderhalden test. 

R. Zsigmondy constructed a very useful ^^star dialyzer.’^ ^ The 
hard rubber ring B (see Fig. 13) is covered by a membrane (col- 
lodion, parchment or the like) and is placed on a plate A, which 
carries the star-shaped support. Through the central opening in the 

1 Obtainable from Robert Mittelbach, Gottingen. 


Fig. 11. Collodion sacs. (A. Schoef.) 


METHODS OF COLLOID RESEARCH 


93 


plate, water flows and bathes the extensive dialyzing surface of the 
dialyzer A, 

JoRDis has constructed an apparatus resembling a filter press for 
dialyzing large quantities. A number of wooden rings are soaked in 



Fig. 12. Tube for the preparation of Fig. 13. Star dialyzer. (R. 

collodion sacs. (G. Malfitano.) Zsigmondy.) 

paraffin and then both surfaces are covered with parchment. These 
rings are placed in an apparatus G so that between each ring with 
parchment there is one without parchment. They are made tight 
with rubber washers. The individual elements of the filter are 



W- Running Water 
Dialysing Spaces 

Fig. 13a. Continuous dialyzing apparatus of E. Jordiss. 

Reproduced from Zeitschrift fur Electrochemie, p. 677, Vol. VIII, 1902. 

pressed together with wing nuts so that they are water-tight. The 
solution to be dialyzed is placed in the rings covered with parch- 
ment, the water in the intervening rings circulates through holes 
made in them for the purpose, see Fig. 13a. 
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An excellent apparatus ^ for continuous dialysis which also permits 
a concentration of the dialyzate has been constructed by Kopac- 
ZEWSKi. He applies the idea of the Soxhlet extraction apparatus. 
A collodion sac prepared as described on page 91 is placed in the tube 
A filled with water. The dialyzate from the collodion sac may be 
removed either through the cock C or may pass either at once or drop 
by drop into the vessel B, If B is heated, the water vaporizes and 




Fig. 13b. 


Fig. 14. Dialyzing filter. (L. Morochowetz.) 


passes into the two condensers and drops again through a and h into 
the tube containing the collodion sac. Since with biological fluids 
the temperature must remain below 50° C., the heating is done under 
partial vacuum (reduced pressure). The tube is emptied through 
the lateral outlet having a cock c. A concentrated dialyzate is 
finally obtained in the vessel B. 

Where there is no running water available for dialyzing, the dialy- 
zing filter of Leo Morochowetz may be employed. Its arrange- 
ment may be seen in Fig. 14. The funnels may be obtained from 
any supply house and the parchment filters from Schleicher and 
SCHTTLL (DuREN). • 

1 The apparatus may be obtained from Poulenc fr^res, 122 Boulevard St. 
Germain, Paris, France. 
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Dialysis is considerably hastened by agitating the dialyzing fluid. 
I have never found it suggested that the contents of the dialyzer 
should be stirred but this is a useful procedure with non-foaming 
solutions. F. Hopme-ister fastens all the dialyzing thimbles to a 
common rod which he rocks up and 
down with a motor. R. Kohler places 
fish bladders in wide-mouthed bottles 
which he closes with a rubber cork and a 
rubber cap, and then places it in a shak- 
ing machine; to prevent twisting off the 
fish bladder at its neck, he inserts sev- 
eral glass rods as shown in Fig. 14a. 

Ultrafiltration. 

H. Bechhold defines ultrafiltration 
as filtration through jelly filters. They 
serve to separate colloid solutions from 
crystalloids and for the separation of colloid mixtures having parti- 
cles of different size. If we know the size of the pores in an ultra- 
filter, ultrafiltration affords information as to the size of the particles 
in the colloid under investigation. 

Ultrafilter. For ultrafiltration, sac-like membranes may be em- 
ployed prepared as for diffusion experiments (see p. 91) and mounted 
as shown in Fig. 11. 

A. ScHOEP * increased the permeability of membranes by adding 
glycerin and castor oil to the collodion. This is of great importance 
in filtering inorganic colloids. 

This sort of ultrafiltration is used especially in France (G. Mal- 
FETANO, J. Duclaux), but it is of limited utility. Filtration occurs 
'Very slowly (a few cubic centimeters per hour) and the filters can- 
not withstand much pressure, so that their usefulness is very 
limited. 

For ultrafiltration, H. Bechhold*^ used pieces of filter paper im- 
pregnated with jellies. By means of this paper support the filters 
acquire great strength and may at times sustain in Bechhold^s ultra- 
filtration apparatus, pressures of 20 atmospheres or more. Since 
H. Bechhold discovered that the premeability or tightness of the 
ultrafilters depended on the concentration of the jellies used in pre- 
paring them, it is possible to make filters with pores of any desired 
size. The filters may be purchased ready-made.^ 

^ Schleicher and Schtill, in Diiren, market Bechhold’s ultrafilters in aluminium 
boxes which contain 10 filters filled with water and sealed with a rubber ring, 
(diam. 9 cm.). This firm keeps in stock six kinds, of different porosity. 
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Since some may desire to make the filters, brief direction for doing 
so are given.^ 

The most useful kinds of filter paper are No. 566 and No. 575 of 
Schleicher and Schull. These are cut into discs of 9 cm. in 
diameter and impregnated with the jellies under atmospheric pres- 
sure in a glass trough from which the air has previously been ex- 
hausted, making a vacuum.^ 

The square trough T (see Fig. 15) has its cover ground airtight. 
On the cross bar B a number of filter papers are suspended. The 
cover C has two openings; through No. 1 pass two tubes, one of 
which leads to the air pump A and the other to the pressure gauge 



Fig. 15. Trough for the preparation of ultrafilters. (H. Bechhold.) 

m. When the air is exhausted from the trough, the fluid jelly is al- 
lowed to enter through the funnel F, which has a cock and a tube 
leading to the bottom, until sufficient is admitted to cover the filters. 
Then the valve leading from the funnel is closed and the valve 
through which the air was exhausted is opened so that the jelly is 
forced into the filters under atmospheric pressure. After a time 
(with diluted jellies 10 to 20 min. with concentrated jellies one or 
two hours) the cover is taken off and the rod with the filters is re- 
moved from the fluids. While the filters are draining, they are 
constantly shaken. Finally the whole filter is rapidly gelatinized by 
plunging it into a suitable fluid. In the case of glacial acetic acid 

1 Given in detail in the original paper of H. Bechhold.*^ 

2 May be obtained from the Vereinigten Fabriken fiir Laboratoriumsbedarf, 
Berlin. 
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collodtoHj watcT is iistnL If gelatin is b(‘ing us(h 1, tlu^ entire impreg- 
luitieu trnugli must Ik' phuunl in a hath of luk(‘warni water, (ielatin 
iilti^rs an‘ lianlt^iuMl hy placing th(‘ filter's, still moist and g(‘latiniz(^d 
in tlu‘ air, into a 2 to 4 \)er e(‘ut ice cold fonnaldehyd(‘ solution and 
ktH‘ping tlu*m for a tim(^ in an ice box. 

The* filtt'rs, how<'V(‘r pr(*pared, an* waslu‘d si*v('ral days in running 
watiT and pn*serv(‘<l in wat(*r to whi(‘h a little* (*hloroform lias benai 
addenl to pre*ve*nt the* growth of mould. 

H. BK(*HHemn g(*nt*rally uses glacial acedic a(‘id collodion, a solu- 
tion of soluble* cotton in glacial acetic acid.^ By diluting witli glacial 
ae’e‘tie’ acid tin* solution may be* r('duc(*d i,o the* d<*sired cc)nc(‘ntration. 

If non-a(|ue‘ous solutions b(*nzoh (*tlu*r, e*tc.) are* to be ultra- 
lilt t*n*d. the* vvate*r must be* displace*d by a se*rie*s of solve‘nts. (Watc‘r 
is first disphwed ley aee'tone*, the* latter liy b(*nzol, and so on.) 



The tntraflltrationi Apparatus. Ve*ry porous (llteTs are* p(*rmeable 
unde*r lenv pre»ssure aiul (*an be* eise*el like any oth(*r nit(*r. In by far the^ 
liirge»st uumbe*r of e*ase*H, apre*ssun* eif from I to 20 atmoBph(‘re*a must 
lM*exe*rtr*d to obtain any filtrate* at alb Feir this purpose* IL Bi'Xai- 
inmn prepared an apparatus which in its sim])l(*st form is shown in 
Fig. Ib^; Fig, 17 is more* suitable* for ve‘ry high pr<*Hsun*H. Fig. 16 
ronslHls of a (‘vliudrical ve*sHel II intei which is inH(*rt(*d the* funnel T. 
Iletweiii the* lowe*r flange*s tif T anel II, the* elLsc of filte*r pap(*r is 
presseth This Is made* tight l)y the* two rubber rings (t, (L 

T(i pndeed it from be*ing Umx, the* filte*r lie's on a ui(;kc*l nedting or 
|a*rforated iucke*lt*d plate N and is furthe*r prote*cted from Imlging un- 
eler pressure by the* plate* I\ which has He*ve*nU hole's in it. The npper 
pari t»f the* funne*l T is ground conie*ally auel is (‘IohchI by nu'auH of 

^ 11ic Clicfitk’hcr Ffibrik luif Aktie*ri (veain. Bethe*nag), lh*rlia, pmpare^ to 
oriicr miltUiens u! Ill |H*r fi*nt c*<»!!<Hlioa ami 2| p(*r c*e*nt potiwsiiiin etarhoimte, 
%vhivh nhm niily slight, iemleaey tu ceattnwt wheat tlicy g<*latini^,e. 

^ All this iipparatiw is iiianufae*turt*ei by the VcTOiiugt4*a Fabrikm far Laborti^ 
toriiiainkaliirf, llerliin Hc.4iiunihorst Btr. 



9H ix HU-*Liun' wfi initirixr 

tlH‘ cover 1) with :t ciiiiie:ii :md n rul»h*'r vhwXirf, fly- tiim- 

in|j; th(* screw c*h|'^ Sfht, f!o* wrii ii.-i lUr iih*! j » L,h 

is tighteuctl, A smull iU|»|*h' with :i !!irr;i4 iLromyi !hi» 

eaviT and t*) this flit* |>i|»elrt»iit th*- nrfv.nrr- r!4.Miiih*i- i 'it!,iiL*4. 
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l**r |*rr^xMi|ri-H I n III i||iiv|i|j,.|'|.,,^ 

Hial 1 *^ rhr-i**ii i%ilh ti;itii.n XMtiiriillv 

thi^ %s hlilkl' riir Irllrniiy III 

Fig, IT riirrs*^|iMii4-i ttilh flint *»! |ik 

HI that it iH tinurrm/rtia t*i *|iii»liratr fiir 
deHeiifitiMn. All a|»|»ariil n ^^llrf■rr 
uiF«* i»ii til*" innrk^a m trrinlh iii'rin'-. 

Iihl»% I fillrntiMO r? i** riv iiiMn* 

rafinl and flu* r; iiioi-r niii!s*rtii. 

'Ilir MiiirraMii id rnai, |trriiiif a 

g**i laVrf t*» fsa'lil Mil fhr nH |■a!llf r'l' , ;|li*t 
|f«'l la%<-r mi%% th^ n m-. i :;i-: h fsHi*r 

SImi'II If r*. rn I tribal H aill|»MSf . 114 ! tMh;|'i,r 

till* {iiickiiig tight high i^ri-vmrr In Ihm ji|*|»at u-- llir 

pressure is iiilrothicnl lht"i.»Mg!i a M|friutig fl,vr ’J, urra’ 

timipies mitral out'. 

Th® Prtsiiird* lli*’ firr^rmr*- inin In- ptM^Far*-,} !.,%■ a imiet 
pump. Hiis is «*^ 4 |ifmia!!v nmXnl in thr nrir-iililn- mI fill* 
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wlicrc pniliilliceii prr*»sur*‘ h imnrrrveira , In pt.%>-'Ur,d nltr.ddifa- 
tiilll, it is pri4t*fl|lilr tn a evhmh'f ei*iilaoun.g r-stlirf 

pfeSHCtI llir, liilrttgiUl nr rarl«i»iiir and, rfr ihr 
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to mm«* fur •.ji.-.-iij! jnirs«.-«-r, /, 

D(«(n*HT lUiil f .,1 * 1 . .a 

juir}Hi««4. Tlwv j»! lit i i ff 
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I4u. 17. FhriUilter l^r layh 
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Phi BEAM mid Knts(*HBAUM is the applinitioii of cooipn'sscHl air for 
stirring; tlu^ gas whicli suppli(\s the pressun^ ent(‘rs tlu‘ bottom of tlie 
vesst‘l through a perforuietl spiral and thus agita^tes the tluul. I 
hav(‘ had im otH'usion to dt'ti'rmim^ whether this has any advantages 
ovta* tlii‘ mtn'lianieal stirn»r. 

The Gauging of Ultrafilters* It is important in many eases to 
hav(‘ a measure hjr tht‘ limits of (‘he<‘tivt‘n(‘ss of ultrahlhas, as in 
tins way \vv may obtain inhirmation eonet*rning tlu^ size' of tlu' par- 
tieles of the eolltnd uudiT invt'stigation. Tlu^ following methods 
givtai by Bru'HHiu.o are suitable* for tin* purpose*: 

L llt'jHtiglohin MrtluHl : A 1 p(‘r (M‘nt. solution of ht‘moglol)in 
lheiiu)glolun seali*s, Merek^ is pn*part*d and the* filt(*r is t(*stt*d to 
see if it permits tlie luanoglobin to pass through. If tlu* h(*moglobiu 
is r«*tnini*d, the filt<‘r is impi*nu(*abl(‘ to most inorganic colloids 
(with the exce])tio!i of fr(*shly pn‘pared siba'ic* acid). The* dt‘gre(‘ of 
pi’rmeability of the* filte*r for laanoglobin may be* rt*eu)gni/a‘el by tlui 
inte'Msity <»f the* resl e*olor in the* liltrate*. 

IL Ht>;taunu4i has |ire*par(Hl the* follenving table* of pe‘rme‘abiliiy 
feir uttrulilte*rs, which is arrange*d in the* orele‘r of tlie* eliminishing 
size of the partie’te»s t»f t!i<* colUads in seilution, anel was eibtaine*d by 
using ultnifilte*rs having eliiTi*n*ui de*gn*e*s of porosity. 


SusprJhsiajiH, 

Prussian blue*. 

Platinum-sob liumuei. 
bVrrie* ox id hyelrosol. 

C ’asf*iiu in milk. 

Arsenic’ sulphid hyelrosol. 
i field soluf iolg ZsioMeiNny, 

Xo. b V. II) gg. 

Hismon, ceilloidal bismuth oxiel, 

rt\An. 

by siirgin, colloidal silver, IbxAU. 
C'ollargob silver, v. Hkyukn, 

21) iip, 

( ioleb solution. ZsiuxieiNnY, 

Xo. I). C. I -I 

I per cent gelatin solut.ion. 


I pe‘r c(*nt he‘moglobin se)lutie)n, 
meile'eular we‘ight c. Hi, 000. 
Se*rum, alhumin, meile'eadar 
we‘ight aOOO tei 15,000. 
nip!ith(*ria toxin. 
ProtalhumoHt*s. 

( ’olloidal silieic acid, 
bysalhinic acieb 
I>c*ute*ro alhume)He‘H A, 

I)e*ute‘ro allmmeise^ /I, mol. wt. 
c. 2 too. 

I)e*ute*re) aIbumose\H C, 

Litmus. 

I)e*xtrin, mob wt. e*. !)Ci5. 

( 'rijsinlldidH, 


2. Air TrtiiiHjfinttitm MrOm}} Hiis me‘thod affeirds approxi- 
miitely iibNoliit'C values for the* Uinjvnt peirt'S of an ultrafilte*r. It- is 
bused on flit* following principle. In ordc'f to feirce* air tlirough a 

‘ iirf'ieillv UH'tliods 2 ueifl 3 the original papiT hIuhiIiI ha 

roiirtistfetl I ilerliiiotP^.I, m the details eaimot he ahstraeted. 
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c*apillaiT. If is tla* tiiuuaa^'r m| !ii*- i‘;4pili:irv , p ifi*- m 

ntiuasp!u*n*s ami li tla* i-apillaritv th*- iMlIiiwiiii* i'liriiniiii 

applmn: 

i> * 
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Itiathciil ftlltirils %nh$vt Im th;** r/v* ih.itir’ 

rtrr III llir |M4r*^.^ nf nlimhll^’ra, Th** tiir!!i^*.| r*, ha** j 
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Ij is tho k>u}i:th of th(‘ (‘apillarios (fat., not sinalk'r than the thick- 
nc.ss of the w'ct filter). 

k is a constant factor dcpciuk'iit on tcmpc'ratnn' and kind of fluid. 

Th(‘ following!; formula applies: 

. ^ Q at + n L 

k-S-F-R 

If all the ('xperiments an' p('rformcd under the .same conditions, 
the formula may he simplified, ht'cause , J ,, becomes a (tonstant. 

For ihv pnivdettl jivrformaner of this (‘xpt'rinunit two jx^rsous an^ 
nKfuinnh ouc‘ of whom n^golatc's pn^ssnns whih* thc‘ otluM- (h^- 
it'nuiiu'H amount of watt‘r filtonxl over a (‘.ert.aiu time, fixcxl by 
means of a stop wateli. 

IhultT tlu‘ apparatus is placed a funnel wliich has a rublxT tube 
witli a pineh“(‘oek attaelu‘(l. 

'i'lu* ultrafiltratiou ai>paratus is filhxl with wat(‘r, and th(‘ air pn's- 
sure is raised to a giv(*n point, ddu' pim^h-exx^k is tlnm (dos(‘(l so 
that all tlu‘ water tiltt'ring at a (x)nstant prc'ssun' is caught in the 
fumu*l. After a givcm tinu^ (e.f/., oiu^ miuuUd has (‘lapscxl, th(‘ (‘utin^ 
pressun* is instantly n'k'ascxL In this way tlu^ amount of wattT 
liliertMl tlirougli a given filteT in a gmnx tinn^ is nnusunul. If we 
have i^nnaously piTfornuxl tlu^ sam(‘ (‘xpt'rinnmt with a filUu' paptT 
wltieli has ptn’t^s of known sixt^, one which, for instaiux', t‘V(m par- 
tially ndains blcxx! corpus(‘h‘s or bacthTia, /.e., obj(‘cts whicJi are 
meastirablt* mieroseopically, by nn^ans of ttu^ abov(‘ formula, wo 
can estiimih* tht‘ avt‘rag<* siici^ of tlu‘ pon‘s of t,h(‘ ultrafilt.(x\ 

Witli this methcxl ultrafiltcTS which just lu^ld l)a(’k Ixxnoglobiu 
showed the av(*rag(* diametcT of tlxar [K)r(‘s to lx‘ from to 3t) pp. 

Mrihotl o/ Hmuhiim Filtration^ di'scrilxxl on pp. 15 and Kk 

Adsorption by Filters. In ultrafiltratiou (‘xiierimtsiins, it is 
ni‘et%ssary to avoid errors due to adsor|)tion on tlu^ part of tlu^ filt.cT, 
Aeeordiiigly, as it preliminary experimmit, it is advisabl(‘ to shake* a 
jHirtioii of lh<* solution with a shrixldexl filtt*!*. If the* cont(‘nt of 
the solution is prac’tieally the sarm* itfrb* as Ix'fon* tb(‘ shak- 
tngi thf*re lias Ixxm no adsorption. If the adsorption intnxlu(*.c*H an 
error into tin* uliridiltration (vxperirmmt, it is m‘C(‘SHary to use* a dif- 
ferent jelly. For instanee» araehnolysin is vc^ry strongly adsorlxxl 
by glacial acetic ai’id-collcHlion, but only slightly by formol- 
gelaiim 

III iiltralillration <*xpcrimcnts it is always important t.o work 
quiintitiitivcly arni to test what remains in tin* filter as wt‘ll as ilic 
filtrate obtaiiifxL 
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tP. A. Kober has devised a new and valuable form cf ultrafilter 
based on the principle of selective dialysis through collodion and 
evaporation of the dialysate (per-vaporation). See Jour. Am. Chem. 
Soc., VoL XL, No. 8, po 1226, et seq. Tr.] 

Applications of Ultrafiltration. Ultrafiltration as previously men- 
tioned serves to separate colloids from crystalloids. It can fre- 
quently replace dialysis, having the advantage of rapidity and 
permitting separation without the unavoidably great dilution of the 
dialysate. 

For this purpose it has been used for the separation of globulin 
from the electrolytes holding it in solution, and the products of the 
digestion of casein by pancreatin (H. Bechhold*^). 

The most important recent applications of ultrafiltration are, the 
separation of colloids with particles of different sizes (fractional ul- 
trafiltration), and the determination of the colloid or crystalloid 
nature of doubtful substances- We refer here to the separation of 
various albumoses by H. Bechhold,*^ the researches concerning 
the nature of starch solutions by E. Fouard,* and those concerning 
diastase by Pribram, and the experiment to explain fermentations 
in the absence of cells by A. von Lebedew,* the researches of Gros- 
ser on milk (see pp. 174 and 350), the studies of Kirschbaum on 
dysentery toxin which are still unpublished, as well as those of H. 
Bechiiold on the separation of diphtheria toxin from toxon. By 
ultrafiltration. Grosser was able to distinguish boiled from unboiled 
milk (see p. 174). 

Ultrafiltration is of especial importance in the study of equilibrium 
in solutions, because in this method there is no change in the balance 
of crystalloid and colloid portions through the dilution of the solu- 
tion. It is assumed that only small quantities are filtered, that the 
differential is in some way ascertained so that no changes in concen- 
tration occur; and that only moderate pressures are used in the 
case of solutions containing electrolytes (see p. 59). The numerous 
researches on iron oxid hydrosol by J. Duclaijx and G. Malfitano 
dei)end on this, as does the work of R. Burian*^ on salt-albumin 
mixtures. 

Ultrafiltration has been variously employed for the solution of 
purely biological questions. R. Burian*^ has employed it in study- 
ing the function of the kidney glomeruli, and H. Bechhold*^ in the 
question of “internal antisepsis.” 

Finally, it must be mentioned, that by ultrafiltration germ-free 
fluids may be obtained, as well as optically pure water suitable for 
ultramicroscopic experiments (H. Bechhold*^) . New paths have 
been opened to the study of filterable infectious agents by ultra- 
filtration (voN Betegh) . 
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Diffusion. 

Coefficients of diffusion give information concerning the molecular 
weight and also the size of the particles of a substance in solution. 
Diffusion in aqueous solution is the simplest method for such investi- 
gations. The length of time necessary for such experiments intro- 
duces so many disturbing factors that, where possible, diffusion in 
a jelly is to be preferred. A jelly offers a means of separating sub- 
stances having different rates of diffusion. If a mixture of two sub- 
stances remain for a time in a tube partly filled with a jelly, the more 
difficultly diffusible substance will, for the most 
part, remain in solution and can be poured off, 
whereas the substance easily diffusible will to a 
greater extent enter the deeper layers of the jelly. 

Diffusion experiments in jellies teach us the prop- 
erties of jellies swollen to various degrees, both in 
the presence of crystalloids and in their absence. 

Diffusion in Aqueous Solution. The greatest 
difficulty lies in avoiding agitation not only when 
samples are being taken but also during the course 
of the experiments. The most suitable apparatus 
is that of L. W. Oholm* (see Fig. 20), with which 
Herzog made his experiments, and that of 
Dabrowski. The latter (see Fig. 21a) consists of 
two glass vessels A and B (a siphon bottle which 
has been divided in the middle) which are separated 
by a diaphragm C. This diaphragm is a glass ring 
filled with glass capillary tubes of 1 mm. bore. 

The interspaces are filled with celluloid. 

By this arrangement currents are avoided and 
a very considerable diffusion surface is obtained. 

The solution is placed in A and diffuses through C and reaches 
B from which samples for analysis are taken from time to time 
through the tube F. The fluid in A as well as in B is slowly stirred 
by the stirrer ahd. We shall return to the consideration of 
Dabrowski^ s experiments on the diffusion of albumin with this 
apparatus on p. 72. 

In the extremely slow diffusion of colloids, which in the case of 
the experiments of H. 0. Herzog extended over more than two 
months, absolute sterility is essential. Besides having sterile vessels, 
the solutions are also sterilized by saturating them with toluol and 
layering it over them. The addition of 1/2 per cent sodium fluorid 
solution is useful also. As previously mentioned, the vessels must 


A 

- -B 

I 






Ha 


Fig. 20. Diffu- 
sion apparatus. 
(L. W. Oholm.) 
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stand in a perfectly quiet place; instead of portable water baths, 
incubators should be used, or if these are not placed so as to be 
free from vibration, the experiments are kept by preference in a 
cellar. 

These diffusion experiments are extremely difficult, but may yield 
absolutely perfect results, as has been shown by the researches of 
R. O. Herzog and H. Kasarnowski.* These investigators de- 
termined the diffusion coefficients for albumin and a number of 
enzymes (see p. 54 and p. 190), from which it could be determined 
that they were simple substances. On the other hand it could be 
shown that clupein sulphate, trypsin and pancreatin were mixtures 
of different substances. Some of them showed various diffusion 
layers of dissimilar composition (various percentages of N, in clupein), 
and with other mixtures, products of different origin showed different 
coefficients of diffusion (trypsin, pancreatin). 

Diffusion in a Jelly. A jelly acts like a membrane. It has the 
advantage over a membrane that its thickness may be varied at 
will, but the disadvantage that it is usually impossible to obtain the 
diffused substance in pure form so that the diffused substance must 
be examined in association with the jelly. Union or adsorption 
between the jelly and the substance under examination is a more 
disturbing factor than in the case of a membrane. Diffusion in a 
jelly has the great advantage over the diffusion in fluids, above de- 
scribed, that it is not disturbed by currents or the almost unavoidable 
shaking during the experiment, or while samples are being taken. 

The experiments are generally performed as follows: A test tube is 
filled one third to one half full with a very dilute jelly (2 to 5 per cent 
gelatin). After the jelly solidifies, the solution to be investigated is 
poured upon it, and the test tube is placed in an ice box. After a 
longer or shorter time (days, weeks, months) some of the substance 
will have diffused into the jelly. The supernatant fluid is now poured 
from the jelly, which is washed with a suitable fluid, water, physio- 
logical salt solution or the like. The jelly is now examined to deter- 
mine the course of diffusion, taking the elapsed time into consideration. 
Gelatin and agar are used as jellies. In many cases, inspection shows 
the extent to which the fluid has diffused into the jelly {e.g,, with dye- 
stuffs, indicators or precipitation reactions, the results may be seen). 
For example, gelatin which has been mixed with red blood corpuscles 
may have tetanolysin layered above it. By the extent of the hemo- 
lysis it is determined how far the tetanolysin has penetrated. H. 
BECHHOLn*^ mixed a jelly with goat-rabbit serum and layered above 
it a solution of goat serum. The appearance of a white ring showed 
the distance that the precipitin had penetrated. 
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Premuiimm: Im^f tliem* experiiiu^utH Uun-e nhoukl be utilized only al)H<)lutely pure 
gt‘lat ill or agar wliitdi lim Ixh'u dialyzed at kuust two or, pri‘ferably , four or fiv(‘ dayn 
in eokl running water. ( 'omnuavial gidatiu ahvayn eontaiuH, be.skk^s eertain otiuu* 
iinpuritien, .sulphurous ac'id which is used m a bleach in its niauufac,tur(^, and as a 
rt^Mult tlu' gelatin reacts acid to litmus. It may bi^ completely fne.d from the 
acid liy mnitralization with NaOlI followcnl by suiliciently prolouginl dialyzation 
in running watta*. drunl gtdatiu is weighcsl, wrapptnl in linen or mull and 

plactsl in a trough of running water. After purihcation the swolkai gi^latin is 
very can€u!ly removtsi from tlie cloth and wiuglusl to h(h^ how mm^h wat(‘r it has 
takiui up. By the addition of, or tin* evaporation of wat(‘r, tlu^ jcdly is brought 
to the desiretl cont*entration and filtensl through a jai^kcd.iHl filter. 'This is 
usually a sufliciently attcurate mt'thoiL For absolutidy (‘xact investigation, a 
ineasurtHl (juantity of tht' moist gelatin juust bc' weighcsl Ix'fon* and afUa it has 
been tlrkal at 105*' (!. If working with otluT than pur(‘. aiiutums solutions, such 
iw with HuliHtam'es wlu(*h require^ physiologi<’al salt solution to dissolvt* tlnmi, 
the gelatin or agar must ctintain the risjuirtsl amount of salt, if, for instanc(‘, the 
liifTusion of globulin solution is ilesinHl. Sinc(‘ difTusion (ixp(u*im<mts with col- 
loids always extern I ov<*r a considerable time, the test tubt^ must be closiul with 
paratruMHl corks or rubber stoppiTS. 

In HU(*h vmvH (inaniitativt^ mtuisununtuita may b(' madc^ with a 
ruk^r, by placing the z(‘rn at th(‘ mtmlsmm of th<‘ jtdly or by m(‘anB 
of cathctomcic^r. Ihilies with an cngravial s(‘al(‘ as arrangtal by 



Fiu. 21, DifTusion tula*. Fiu. 21a. Dahrowski’s 

difTusion apparatus. 

»%oFFKb»FHiNUiHHF4M^ (scu* Fig. 21) an* c<mv(*ni(*nt. The* graduatiMl 
tnhe is lillcd with jelly and the sohition is pounal int.o tlu* (‘xhunsionH 
whieli an* ground on water tight. For aecnirato measurcuntuitH iht^ 
mime rltl<^s are um»d as in similar phyHi(‘al measununcuits. 

If flu* ctilTuHion into the jelly in jiot amsociahHl with a vinihle change*, 
the jelly in removed from tlie glass by placing it in hot watt*r until 
the periphery melts, so that the* eylindt*r of jelly may Ik* g(‘ntly 
panhed out of tin* tube. l'h<‘ jelly <‘yrm(h*r is tlu*n eut.^ into lay(*rH 
of iiieamired thiekne.ss whii*h an* studh*d by (dtemieud, biological or 
aiuiiiiil exp'eriiiieiits as to their eont(‘!it of difTustKl substance*. In 
tliis way Sv. AitiuiKxn's^ and Tn. Maoskx have* dc‘te*rmine*el thc^ 
difTiisicin coitHfanfs of diphthe*ria toxin and atititoxin and of t(*tane)ly« 
siii anet aitlileianeilysin. 
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feature consists of a collodion membrane (see Fig. 22) protected by 
a platinum wire netting. In the case of dextrins which lie on the 
border line between colloids and crystalloids, W. Biltz decreased the 
permeability of the membrane by adding cupric ferrocyanid. He 
filled the collodion sac with 1 per cent potassium ferrocyanid solution 
and placed it in 1 per cent copper sulphate solution. After twenty- 
four hours he washed the sac for twenty-four hours in running water. 
The method of procedure recommended by Fouard, impregnation 
with tannin and gelatin and subsequent tanning with sublimate, has 
not proven effective, according to Biltz. Above the collodion mem- 
brane is a glass cap with a vertical tube. The union of netting and 
cap is at &. The fluid is mixed by an electromagnetic stirrer c. The 
electrodes d permit the measurement of the conductivity. The entire 
instrument is placed in a thermostat. Readings of the rise in the 
tube are made with a cathetometer. 


Osmotic Compensation Method 

This method determines whether crystalloids present in a colloidal 
solution are free or in any way bound, e.g., adsorbed. L. Michaelis 
and P. Rona* 2 have developed this method in their attempt to solve 
the question whether the grape sugar, always present in the blood 
and which, strange to say, does not pass through the kidney, is free 
or bound in any way. For this purpose we place the fluid to be in- 
vestigated (in this instance blood) in a fish bladder and suspend it 
in a glass cylinder containing an isotonic fluid (in this case water 
with 0.95 per cent NaCl). To the surrounding fluid, in a series of 
experiments, there is added varying quantities of the crystalloids in 
question. In this instance sugar is added ; we shall continue to describe 
the above experiment as an example. If more sugar has been added 
than is present in the blood it will diffuse into the blood; the sugar 
content of the surrounding fluid will decrease. If very little or no 
sugar is added, the sugar will diffuse from the blood into the sur- 
rounding fluid. This will occur whether the sugars in the blood are 
free, osmotically active or even if a portion is adsorbed. In the 
latter case the free sugar will at first diffuse away so that the balance 
between the adsorbed and the free sugar is disturbed; previously 
adsorbed sugar may become free and likewise diffuse away. The 
sugar content of the outer fluid remains constant, only if it accu- 
rately expresses the free sugar content of the blood. If the total 
sugar has been determined previously, we may calculate what per- 
centage is adsorbed or otherwise bound, and what proportion is 
free or osmotically active. With this method, L. Michaelis and 
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ormatimi of an air Imlibh* in a flniiF* ^ihow thi’ nui.iitioii of tlii' itf'’ 
vt*lo|M*d surfauo, ih) Ihimmie mrthmi'i .a hr wrialii or loiinltrr •*!" 
fallinii: (Irojw; tla* proHHuro nrrrH.Mary to fon-«- air ilir»aig!i a niiiiilary 
clipfanl in a flttid] hIjow tfm romlilion »*f a iia>ir»'ni 

TIu*Ht* twt» nit*t!itMfH, 0;Mprrial!y with rolloalH. fiiiplaiiifiilaliv 
cHfT(*n*ni viiIuuh iM^rnUHo tho interior of a Ihii4 hiy* a \*'rv iliffi-rt-nl 
roinpoHiiitm fn»m thi* i^nrfariMin*! ii roiiHiilrrablr tniir alttay^^ rlajiHn 
bi*fon* thi* snrfari* hitn iiaHnim-tl tin normal j»ro|irrii*"'">. 

Ah yet. lamauHi* limy an* ftio ?iiiii|tlr^t to jii-rform. only f h** rapilkirr 
anrcait ami thi* falliiig ilnip molbw!« hnv*^ l^^rn for bi»4«»i|ii*iii 
KimlioH. 

llic* nioaHunanoiit of Ihi* hrmht imromli**! in iilirr |ia|M*r \%Aarh hm 
l«*4*n timnl t*HjH*rinlIy fw C m Im iiivr'iii|iiifiniii.i 

on iilkaloiilH, tlvi^KluIlH ami **rganto h#* roiiiitr.l 

a (lyiiatiiir, riitlii*r iliaii ii Hfatir inrtlio»b nturv m inat^onil 

with tho iwmit iiml oviijwiration. iMn%- ^orfarrH an- runi iisri^iIH formr.i 
hiltof pi4|M*r ofTrfH II vory n^ofn! fiio!h««l hn 4ritiMir-4ira!i**f4 piifpo'-w^ 

I lilW, it hIiowh why nltailiolii* wiliilioiisi nml tnip-f orr.-s r.dbri 
aipmoiw HoltitioriH an* a4a|iti*f| to 4miifrriioti of thr .4aii 
t<i Bm'iimif.ol ft4i»r ji, -tfil i, 

* DHiiiW tltwrifititiiw of itir lo f*»mi4 in * on,, p.i-.'i.rys 

IliyWrO'C 1li*friiw’ll«ai A|«mf«l|||gr|| |a|0-, m^A %u t# r* 

liorfpM Aiifialiai 4. Pltv^ilo I h»j 

^ Kiilliiiil Xiat., Vul. A |i|i. I A 0-1, la|. 
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J. Teaube has used the falling drop method with his stalagmom- 
eter for numerous researches. M. Ascoli has likewise used it in his 
meiostagmin reaction in cancer. [Clowes employed it in his studies. 
See p. 39. Tr.] 

A given quantity of fluid volume is sucked up into the stalagmom- 
eter tube and the number of drops required to empty it, dropping it 
drop by drop, are counted. 

The stalagmometer is an instrument which requires most careful manipulation 
to obtain reliable results. It is especially important to keep it scrupulously 
clean, rinsing frequently with distilled water followed by hot potassium hydrate 
solution. The apparatus is then placed over night in a hot mixture of concen- 
trated sulphuric acid and potassium bichromate. Before use it is again thor- 
oughly rinsed with distilled water. The dropping surface must be absolutely 
horizontal; this is accomplished by placing it on a stand which can be adjusted 
in all directions. There must be no bubbles on the dropping surface or in the 
tubes. Before each initial measurement the fluid to be measured must be sucked 
up and allowed to flow out again. The number of drops of the fluid is com- 
pared with the number of the same volume of water. The speed of flow is so 
gauged that no more than 20 drops fall in a minute. This is best regulated by a 
screw clamp on a rubber tube slipped over the upper end of the instrument. 

J. L. R. Morgan has devised a splendid apparatus for determining 
the weight of falling drops and with it he has measured the surface 
tension of many substances. 

There are, however, valuable contributions to the utilization of 
surface tension (milk investigations by H. Zangger; meiostagmin 
reaction of M. Ascoli). 

The separation of colloids and crystalloids hy foaming as well as the 
separation of colloids of different surface tension is described on 
page 35. 


Adsorption. 

Adsorption experiments may be employed for various purposes. 
They may be used to determine the distribution of a dissolved col- 
loid between solvent and adsorbent, thus constituting the determi- 
nation of a physical constant. In such a case an absolutely chemically 
indifferent substance, e.g., charcoal, is chosen as absorbent. Ad- 
sorption presents a suitable means of determining the nature of the 
electric charge of a dissolved colloid. Positively charged colloids 
are adsorbed particularly strongly by electronegative suspensions 
(e.{/., kaolin, mastic suspensions); negatively charged colloids are 
strongly adsorbed by positive suspensions {e.g., iron oxid, clay). 
Occasionally it is of interest to determine the properties of a gel 
when it is used as an adsorbent. 

If in all cases there occurred pure adsorption, whereby a dissolved 



no 


COLLOIDS IN BIOLOGY AND MEDICINE 


substance is taken up by a solid one with which it is shaken, the 
accurate determination of adsorption constants would be of the 
greatest value. They would then be natural constants of the same 
class as the boiling points, melting points, etc., which definitely deter- 
mine the nature of the substances under examination. Unfortunately 
this is not the case. Chemical phenomena and unexplained factors 
complicate the pure adsorption phenomena, so that at present, in 
biological questions, it is only of value to determine whether ad- 
sorption is the predominating force. Investigations in this field 
are of great importance. Before the advent of physical chemistry 
and even now, in biological chemistry, it was usual to search for 

pure substances, and to illustrate a phenomenon by a chemical 
equation. Adsorption experiments have frequently made it clear 
to us that in a given case such chemical equations do not and 
could not exist. The studies of H. Wislicenus on lignin (see p. 
248), and on the dyeing process by W. Biltz and H. Freundlich, 
are selected from among many other classical examples. 

Adsorption experiments for determining distribution are performed 
by shaking equal quantities by weight, of the most indifferent solid 
substance obtainable or a gel (charcoal, cellulose) with various dilu- 
tions of the dissolved substance. The amount of the substance ad- 
sorbed is usually ascertained from the solution. It is first determined 
how much active substance is contained in a unit volume of the 
solution, which is then examined to see how much has been removed 
by the adsorbent; the difference gives the quantity adsorbed. Thus 
H. Wislicenus determined the total solids in the cambial sap of the 
beech, before and after shaking it with cellulose, and found by taking 
the difference in weight the amount of colloid that was adsorbed. 

In individual instances the quantity adsorbed was determined 
from the adsorbent, B. W. Roux and Yersin treated diphtheria 
toxin with freshly precipitated calcium phosphate; they then washed 
the calcium phosphate well and injected it into guinea pigs. A de- 
termination by means of the adsorbent instead of the fluid I con- 
sider erroneous in principle, because it has been shown repeatedly, 
in well-controlled experiments, that the adsorbed substance under- 
goes changes at the surface of the adsorbent. 

The fact that a portion of the dissolved substance is removed from 
the fluid by a solid substance with a large surface does not prove 
that adsorption has taken place. If, for example, 1 gm. cellulose 
always removes from a solution the absolutely identical quantity of 
the dissolved substance, irrespective of the concentration of the 
solution, we would in all probability be dealing with a chemical phe- 
nomenon. If the proportion between the adsorbed substance and 
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tlu‘ anuHiut still in solution nunains constant ovtu' various dilutions, 
wc may assuna^ that tlu^ (U'llulosc forms a so//d mlution witii tlu‘ suh- 
stauci^ in t|Uc\stion, Adsorption probably exists only if tlu' (*(‘lluloso 
takt\s up alnuist t^vtuy thing from a V(‘ry dilute solution and if tlu^ 
absorljing powt*r of t lu' (H‘11 u1os(» is mark(*dly (hnuxaist'd with increased 
ctiuceutnition of tlu‘ solution; this condition is fnHpu'ntly observt'cl 
witli dye solutions. Thus may make shaking <‘xp(‘riments with 
w^lutioiis of thi^ coiKHUitration, O.l, 0.2, 0.2, et(^., in which O.l (hmotes 
any arbit rary standard. 

It must b(‘ <letermin(Hl first wludiier an equilibrium t^xists at all. 
For this purpose* a giveai ((uantity of adsorbemt is shakeui with tlu». 
Holutiou, few c*xample*, with 100 c.c. In a se'cond (*xp{*riment an 
ee|ual t|uantity of adseu'beuit is shakem witii lialf the* eiuautity, 50 c.c. 
ui a solution twien* the* stre‘ngth. It is tlu'u elilutc*el to 100 c.c. and 
shakiii again until an e*epiilibrium is re*ach(‘eL If there* is an (*(piilil)- 
riunp tlu* final conce*ntration of tin* solution in the* first case* is tlm 
same* ns in the* sesmud. If thc're* are mate‘rial elifTe‘r(*n(H‘S, the* proce*ss 
may ne*ve*rth<*lcHH be* (*onside*n‘d an adsorption, but it is compricaie*d 
by oiht*r phe*nome*na as e*xplaiue‘el em page* 27 et m/. 

If it is umu*(*e*ssary to dt'tewmine* constants, the* simplt‘st proce*- 
dure* is to e*Iiart tin* valu<*s found on a re'ctangular syste*m of eu)- 
onlinatc*H (miUime*ter pap(*r). As orelinate* is takeen tlu* amount of 
the* maienal that is bc*ing inv(‘stigat(*el wliicli is tak(*n u]) liy I gm. 
of adsorbe*nt (ct‘Uulose*, <*harcoal or the* like*); as the* abstussa, the^ 
amount wliiedi re*mainH in sedution aft.e*r the* adseirptieiu; so that tlie^ 
enirve shows the* ratio b(*t.we*e*n the* amemnt of substance* in the* se)lu« 
lion and the* amount that is adsorlx'd. It is e*asy to ele*tc*rmin(* freim 
the* cliaracte*ristic* form of the^ curve* wliethe*r an adsorptiein has oe*- 
enirreeh (Se*e* p. 22.) 

The* de*t<*rmination of adsorption curve's and (‘.onstants is e*xplain(*d 
in elctail on page* 22 et 

It in imiHalane’e* that the* admrfH^nt be* nbHolute*ly pare*. Many ia- 

ve*,Htiicatari^ Inivi* faitenl in this anei many e’nntradicUiry may In* att.rihut4‘(l 

tii it. llic ?yIs<»rh**ntH are* tre*at<Hl with atads, alkali(*H, alcnhtd, e*the*r ami hcau;e)l 
arrtirtiing iiii their nature* pe*rmits (chart*nal, tliate»mae*e*(niH cearth nr kie*st*lgnhr, 
fitirin, In vit*w nf the* fart that tliew* Hubstane‘e*H are* tla*mHe*lve*s innre* or 

in!j4nrb**ei, it is ri<*e*e*AMary to re*me)Ve* thf*ni by prnle)nge‘ti etonstant tn*atineait 
with large* e|aantitii*s c»f the* eiispe*rsiag substance*, usually wate»r. 

Altlinugh irmptraiurt anti iimr elee met play m important a role* as in oth(*r 
pliyf4i<«fw*hoinie‘al preH't*sse*s it is Impeertant to ke*e*p te‘mpe*rature* ami time* euen* 
stunt. Ill iitost ciw*»H the* aelsor|)tion balance* is re*ae’!H*d in abemt onc,*4udf hour 
so tiiiit it is always fairly safe* te> allem* an hour. 

If is iimiiil to shake* the* adseirbent with the* solutiem, but it must not l)C' (we*r- 
Ii«»ki*f! that tluTi* arc stibstam*e*,s which are* cdnmge‘d by thci mc‘rc shaking (sesi 
hy Shaking, p. 34). 



112 


COLLOIDS IN BIOLOGY AND MEDICINE 


A second disadvantage of the shaking is that the adsorbent is thereby still 
further broken up and its surface thus permanently increased. When large 
quantities of colloid are in solution, there is a counterbalancing error in that the 
adsorbent becomes coated with a layer of colloid which thus diminishes the ac- 
tive surface. Though these errors are small in the case of adsorbed crystalloids, 
in the case of true colloids they become quite considerable. To eliminate these 
two disadvantages, H. Wislicenits and W. Muth* have developed a method 
which they call the siphon (or filter) process. In this method a solution of con- 
stant strength comes repeatedly in contact 
with the adsorbent. The process is as fol- 
lows: a tube is filled with washed clay or 
other adsorbent and in connection with a 
separatory funnel, forms a siphon. The 
solution to be studied is poured into the 
funnel and very slowly filters through the 
adsorbent. The apparatus (see Fig. 23) is 
entirely practical. In the strict scientific 
sense, however, equilibria are not obtained 
with it. 

Before determining the content of 
the solution after adsorption, the ad- 
sorbent must be removed. Filtration is 
rarely suitable because the filter-paper 
itself adsorbs. In any event the filter 
used should be very small, and the 
quantity of fluid to be filtered as large 
as possible. Centrifugation is the 

Fig. 23 . Apparatus for adsorption “^thod. The fluid 

analysis. (H. Wislicenus.) may be poured or pipetted from the 

adsorbent which has been deposited. 

The determination of the content of the solution before and after 
adsorption varies so much in accordance with the nature of the sub- 
stance under investigation, that it is hardly possible to formulate 
general rules. The simplest procedure, when it is possible, is to de- 
termine the weight of a given volume after evaporation, or the solu- 
tions may be titrated. In other cases suitable physical or biological 
methods must be employed (animal experiment, hemolysis, agglu- 
tination, etc.). 

To determine the electric charge of a colloid by adsorption, we 
choose for adsorbent, a suspension of a substance having the most 
pronounced electrical charge. Electropositive iron oxid or alumina 
gel removes electronegative colloids from solution. Electronega- 
tive diatomaceous earth (kieselguhr), kaolin or mastic suspensions 
(obtained by dropping an alcoholic solution of mastic into water) 
attract electropositive colloids. As has been said, the charge of 
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natural rulloitls tl(‘p(auls (*hiefly upon their r(‘a(‘ti()n, Kxperiiiu^uts 
mv tlu‘rt^fur(‘ pt^rforrmHl with very faintly acid, vtay faintly alkaliiu' 
ami mmtrai n^aetious. Bt‘eaus(‘ many *sul)stane(ss are ciestroycHl in 
alkaliiu^ nr acid solutinnsj it is n(‘e.(‘ssary to niak(‘ appropriate^ pn^- 
liminary tests. Minisurtnm^nts of tlu^ amount (‘ontaiiUHl hedore and 
after adsorption d('t(‘rmitu^ tla^ eharaeUu- of the* particular eolkad. 
In tins way L, Michaklis inv(‘stigai(‘d a nurnher of feainents (s(m^ 
p. IHB), 

In the IjordcT land l)tdAV(H‘n adsorption and chemical combination 
hc‘lonp? the siudit^s of staininn, which opem to th(‘ histologist a wide 
fk‘ld for t iu* applic4itit)n of colloid-cluanicail knowledge. 


Internal Friction. 

Ah lias h(»c*n shown, especially by th(» investigations of Woufoano 
Pauu on albumin, tlu' int(‘rnal friction or viscosity s(‘rv(‘s to give 
valualile information conetTuing changess in the condition in (uilloidal 
Holutions. 

In tht* cas(‘ of hydrophih' colloids an iiu’re'ase of viseuisity usually 
indtc‘at(*H an hydration. 

'rhe relative internai friction is usually d(‘t(‘rmin(‘d by taking that 
of water at- the same* temptTatun' as (*((ual to 1. I'his is usually 
clone by allowing a givcni amount of fluid to flow from a capillary 
tubi% taking tin* tina* witli a stop watch. If tlu' rate of flow for wa,t(‘r 
has been prc^vicmsly dt*t(Tmim*d, the^ reflation btd.we^en th(‘ two giv(\s 
the rt'lative intiTual friction. 

WintiKUM OsTWAW) constructed a w(*lbadapU‘d ap|)aratus (d(‘scrib('d 
in OsTWALo-LeTHHH^H “l'(*Ktl>ook and Manual for th(‘ PcTformanct' 
of Physico»<‘luanical Mt‘asun‘m(*nts,’' whic*h s(‘t‘ for dtdails). The* 
colloid investigator should not work with capillaries that are too fine, 
because Ins fluids are usually V(*ry viscums. Ilic' mainbmance* of a 
constant iemperature is of espcuual importances and t!i(‘n‘fort* it is 
fietnusary to employ a trauspanmt tluuanostat. Kurthcuinon^ tlu^ 
npeeiftc (jravlli/ mxiHi also be taken. ()HTVVAni>-*SeHnN(}Ki/s pyknom- 
eter may be used. 

In biological investigations it is occasionally msM^ssary to work 
with cm/ small amounts of fluid Spcs*ial apparatus has then^fon^ 
!»een devised so tliat but one or two drops may suflica* for a viscosity 
didcrminatiou. Tin* apparatus of Iluismi and Ib-auv, thoroughly 
described by Ik T Kcucanyi and A. v, HnmTKR, “ Physical ('luunistry 
mid Medicine II/^ p. 27 ct m/., is fnMjmnitly ustHl Thc^ apparatus 
of !L A. DKTFJtMAM is very simph^: as scam from Fig. 21, it r{‘Hc*mblc\s 
an flour glass. I'hv capillary has at cuihcT emd an (mlargcumait, and 
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then a constriction as well as markings. This tube is placed in 
large glass shell which can revolve on its axis and has a thermometeJ" 
inserted. Since the apparatus may be turned upside down like at^ 
hour glass, it is possible to take several successive readings from thc^ 
same quantity of fluid. Determan employs it chiefly for the de-" 
termination of viscosity in uncoagulated blood. For this purpose^ 

he places a trace of hirudin 
the unbroken skin, preferably oxx 
the lobe of the ear. After puno-^ 
turing the skin he collects tho 
blood with a pipette directly* 
connected with the tube of the' 
viscosimeter. 

The apparatus of W. Hess^ 
depends upon a somewhat differ- 
ent principle. He does not com- 
pare the time of flow, but thc^ 
distances fluids may be sucked 
up. His apparatus consists of 
two capillaries connected with it* 
T-tube, through which fluids arc*^ 
sucked with a rubber bulb ; 
through one capillary water in 
sucked, and through the other 
blood or some other fluid that in 
to be investigated. From thc5 
ratio between the distances to 
which the two fluids are sucked through the capillaries, the viscosity 
may be directly determined. The apparatus has certain specin^l 
advantages; the horizontal position of the capillaries eliminates thc*^ 
influence of the specific gravity; and since water and colloid arc* 
simultaneously tested, the errors of temperature are reduced to ih 
minimum and calculations for correction are unnecessary. 



Melting, Coagulation and Solidification Temperatures. 

The determination of the melting,^ coagulation and solidification, 
temperatures has the same significance for colloids as the measure*-* 
ment of the melting point has for crystalloids. 

Coagulation hy Heat. The fluid to be investigated is placed itt 
a test tube, in a water bath. The contents of both test tube aocl 

1 In the case of jellies it is only possible to speak of a “ period of liquefaction ’ * - 
for the sake of simplicity I employ the expression “melting point.” 
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watcT l)ath imist stirrcHl and a tluainoincdx'r must be placed in 
(‘a(‘h. t(‘si tubt^ must b(‘ illumiuab'd by a uuirorm and i)r()- 

t(‘(*ted s{)ur(*(‘ of It is advisabU' to makc^ a numbtn- of prelimi- 

nary det(‘rminatious of tlu‘ coagulation point bt^fon^ making the 
final nniding. 

W<)LK(JAN(i Pauli distinguishes tlu^ following diflVrent appc^ar- 
anc(‘s in (‘oaguhUion: ehxir, ()pal(\sc(‘nt, slightly eloiul}^, milky trans- 
lu(H*nt, milky opatpUL fiiudy, mt'dium or coarscdy flociaih'ut in slightly 
(‘loudy or (‘h^ar fluid. 'rh(‘S(‘ various aspc'cts ar(‘ strongly depcnuhmt 
on the <lilution and th(‘ salt content of the solution, and the latter 
has the gn*att‘r influmux' on th(‘ tinnpm'atun' of (‘oagulation. 

Melting and Solidification Temperature. To (l(‘t(‘rmin(^ tin's 
nu'lting point of gelatin, agar, dc., W. Pauli and P, Hona"^ uscxl an 
apparatus that is similar to that, of M. Bkc’kmann for d(‘t(‘rmining 
tlie fnx*zing point. Tlu^ melting point is tln^ Uanptn'ature at whicli 
the' layi'r surrounding tlu‘ tlu'rmonule'r nu'lts. 

H. liKunnoLo and J. ZiMeua-at*’'” usexl an air bath, in which a tube' 
(containing the* je'lly is plae'exl alongside* the* t.he*rmom(*tc‘r. The* solid 
jelly is we*ighte‘<l with 5 gm. of m(*rcury.’ The* nu'lting point is the* 
te*mpe*rature‘ at whie‘h the* me*rcury brc'aks through the* je*lly. Since 
it is diflie’ult to ohse*rve* the* me*lting of the* je'lly anel the* the*rme>me*te‘r 
at the* same* time*, the* authors use* an ae*e)ustie*. eh'vice* (me'troneane*) 
which is de*scnhe*d in the* ealginal pape*rs anel whie*h is re*c.omme*nde‘(l 
for similar obse*rvations. 


Swelling. 

The methods of me*asunng swelling, f.c., the* water taken up by a 
ge*I, are* vi*ry ine'xact. Thv invmi.sv of volume, the {jalti in iveight or 
the prrHHure of sieelUtig may be* ele*te*rmine*d. 

Volume ImreoHe. lleiual epiantitie's of fibrin may be* plac(*el in 
te*Hi ieibe»s and e*ov(*r(‘d with difTe*r(*nt solutions; we* the*n obse*rve* 
liow high the* fibrin rises upon swelling (M. IL Fisemuit, se'e* p. (>8, 
Fig. 7). Tlie* inere'ase* in volume* e'onsists of the* de‘cre*ase* in volume* 
of the*swe*irmg gt‘l plus the* volume* of the* wate'r, so that the* ele‘te*rmi“ 
nation has an e'rror, inasmue*h as the* ce)ntraction of the* ge*! during the* 
swelling is unknown. This (*rror is ne'gligible* in e’omparison with 
the* otlie*r e*xpc‘rime*nial (‘rrors. 

InemiHe of irr/|//i/. 'rhis mc'theiel intro(luce*d by P. IIofmfustuh 
is someavhat mea*e* ae'cnrate*. The* total solids (if the* swe'lling sub- 
stane*e (gelatin, musc*le‘, e*te*.) are* (le‘te*rmine*d and the* substane*e* e‘ithe*r 
in a dry or a. sw«ille*n state* is plae‘e*d in a solution. The* we'ight el(*((*r- 

* 'riiin ti.H m tnatle* by (leTlianl, laiiin, (le*nnnny, d(*al<*r in (li(*mi(*jil 

uti'iwibi. 
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Flocculation, 

ObstTvations of the flocculation of a suspension or (colloidal solu- 
tion (li‘tcuiniu(^ wtudluT it Ix'haves as a hydrophile or a hydrophobe 
colloid; furth(‘nnor(‘, tlu\y show the el(H‘.trie charge' and, utuU'r (‘,('r- 
tain conditions, tlu‘ pn'sc'nce' of a proU'ctive^ colloid. Tlu' nu'thod of 
the experinu'nt is vc'ry simple': a susj>ension or colloidal solution is 



dividf'd amonp; a large' numb<*r e)f te'st tul)('s, diminishing (piantilie'S 
of i'tcctrolytes (Na(U, ('aCd^, Fc'CUn) are adele'el anel the' te'st tube's are 
hik'd to (Hfual volume's with a se)lve‘nt (wat.e'r, physiole>gie*al salt se)lu- 
tion, e*tc.). Afte'r the te'st tube's have' be'cn e'Xpe)se‘el at unife)rm tom- 
l>e'rature‘ for a give'ii time^ (I to 24 he)urs), tlu'y are' e'xamine'el fe)r 
iloeculat-ion. 

In c'tnnparative' <'%pe'nnn‘uis it is neamsary that KUspeawionH or solutionn have! 
tla^ miUM* c•on(•^alt^af ion. On aca'onnt of the^ sinall ainoeint <>r solid Hiilwtancts 
littlo m tf» la* aeToinplinhe'd by (hdcrininations of total Holids. It is frc'eiue'idly <k*- 
litrabk' to proparo a Iarg«' (jnantity of a standard Holution to kist a long tinu‘, and 
fmjuontly tleo dotiTininatiouM may he ma<k' c’.oloriinedrically. I am acen.Hiomod 
to prepare* manf it* stwpeawioiw I »>■ dropping I pe*r e'emt ale*e)ht)li(^ mast ic .solutions 
into wai<*r wld<‘h is he'ing e*nc'rg«*tically stirre'd. Tin* HUHia'nHion is filte'rcd t hrough 
rat!i<*r tie*nse* filtrr pape'r and te'ste'd for t ranspanaicy in a he'akea* liaving paralled 
sides, tei emi* siili* of whicdi varienus printesl line's have \mni glucHl. 'Fhej wispe'n- 
mm is eiilute'ei until, witli a dedinitet illumination, a ce*rtain size types c;an juni bo 
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H. Bechhold^s Bell apparatus The colloid solution to be tested 
is placed in the glass vessels A A (see Fig. 27) which are connected 
by a tube. The vessels are closed below by the membranes MM 
(best for the purpose is fish bladder or the like). The tube R 
allows for the expansion of 
the fiuid caused by the heat 
of the electric current. The 
bell apparatus is placed in two 
separate glass vessels (crystal- 
lizing dishes) GG; the mem- 
branes are immersed in the Piq. 27. Bell apparatus. (H. Bechhold.) 
water, into which also dip 

the electrodes EE. The advantages of the apparatus are: the 
great surface of colloid solution; the products transferred do not 
come in contact with the electrodes and each may be conven- 
iently and separately collected and ex- 
amined; the current must pass through 
the entire colloidal solution; the ap- 
paratus may be easily sterilized and the 
free surfaces may have toluol layered 
over them. The apparatus does not get 
out of order very easily. L. Michablis 
has avoided the change in reaction due 
to electrolysis at the electrodes by using 
nonpolarizahle electrodes. Fig. 28 amply 
explains the apparatus. The electrodes, 
e.g.j zinc or silver wire, are dipped into 
the vessels 1 and 5, which are filled 
with zinc sulphate and NaCl solution 
respectively. 

Migration experiments are usually very 
difficult to perform. Since the nature of the charge may also be 
determined by adsorption^ by employing positive and negative 
adsorbents, this latter method is preferable, because it is simpler. 

Optical Methods. 

There is a certain relation between the cloudiness (Tyndall effect) 
of a fluid and its content in suspended particles or colloid. On this 
account various authors (Kamerlingh Onnes and Keesom, Meck- 
lenburg, Wilke and Handovsky) have constructed instruments to 

1 To be had from the Vereinigten Fabriken fiir Laboratoriumsbedarf, Berlin N. 
Scharnhorst Str. 


1 : 



J. 


Fig. 28. Migration apparatus 
with non-polarizable elec- 
trodes. (L. Michaelis.) 
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measure the amount of cloudiness so that they might determine from 
it, the content of dissolved colloid in the fluid. 

As yet they have not been applied to biocolloids, and the relation 
between the clouding of media in a fluid, the intensity of the light and 
cloudiness yields a complicated curve. On this account it is still 
impossible to determine the value of these instruments aptly termed 

by Mecklenbukg, tyndallmeterSj for the 
study of biocolloids. 

There is need of such an instrument. 
[P. A. Kober has devised a very satisfac- 
tory nephelometer which has foimd ex- 
tensive application in biology, especially 
by Bloor. See Journal of Industrial and 


Fig. 28a, Kober Nephelometer. 


Engineering Chem., Vol. VII, p. 843. Tr.] I have always felt the want 
of being able to determine the exact content of a bacterial suspension 
by some sort of tyndallmeter. Such an instrument must be very simple 
to manipulate, which is not the case with the existing instruments. 

The colloid content of a solution is well measured for certain 
purposes by 

The Fluid Interferometer. 

The fluid interferometer^ was originally devised to determine the 
concentration or change in concentration of crystalloid solutions. 
According to Marc it is also available for light or yellowish colloidal 
1 Made by Carl Zeiss, Jena. 
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soluticniH, hut nut fur tliuse tlcH^ply eulorcHl It depeiuls on the follow- 
ing principlu: wlion paralk^l huaiUvS of light pass through a narrow slit, 
as t!u‘ ruHuli of n'fraction a broad hand of liglit with parallel dark 
hands (int(Hftn*(auH^ hands) is seen on tlu^ opposites wall. If light is 
fKUinitttHl to fall on t.h(‘ same spot through a sca'ond r)arallel slit, th(^ 
haiuls of light will interfen^ aiul very firie sharp lines will he obtained 
which may he gn^atly magnifual. Wlum a diffeuvut medium, that is 
wat4‘r or a solution of salt or eolloid is 
placed hcdiind oia^ slit tlu* interhavucc' 
haials move to one sidc^ deijending on 
the n^fractivi^ ind(‘x. If the process is 
n»verstal by a s(d of glass prisms or 
Homtdhing similar, it is possihh* to n^ad 
on the* adjusting hvivw of the* api)a- 
ratUH the* eli(Te*re*nce of ri'fractive* index. 

Idg. 2Hh shows a cross seadion 

tlirough the* intc‘rfe*re)m(d;er. A is the 
I » 'x\ xi 111 j cne. 281). Fluid luteTfeTomctor. 

chamhiu* with the* standarel water, H 

the* chamheT for the* t(*st solution, (' the windeiw fe)r vienving the*, 
interft*re*nce* hands. Witli dilute* sedutions the e*e)ne‘e‘ntration increase's 
in proiHirtiem to tin* se^ale* on the> graduate*d drum. Kor more (a)nc(*n- 
trated solut iems a standard must he H(‘t in (‘ae*,h c.ase*. l\*(dmical ele*- 
tails of tlu* r(*aelings may he found in Maiuj's pape*r (loc, c/7..), Ile^ 
has thus far UH(*d tlie inte‘rfe*re)me*t(*r mainly to eled.(*rmineMulsorption 
and for stuelying the* colloiel (content in elrinking water and stowage*. 

Ultramicroscopy. 

intramicrosc.o|)y pe*rmits tlu* re‘(a)gnition of c(*rtain eiptie’.al in- 
homogeau*itie*s, anel el(*pe‘nds upeni the* use eif dark fK*lel illumination. 
ldtramicreis(*oi)(*s magnifying frean 750 tei 1500 eliame‘te*rs se*rve‘ in 
principle the* same^ purpeise* as the* orelinary mie*.re)scoi)e*. Tlie‘y have* 
tlu* advantage* ove*r the* latt(*r that witliout staining eir e*xte*nsive* 
pre*paration, e*vt*n living ohje‘(‘tH, spirilla, (*te., he*(‘.ome‘ visililc* to the’: 
eye; bright on a elark hackgrounel. Ultramiereiseteipy with a one* hun- 
elred tluniHand fold magnirK‘atie)n has Holve*d important the‘or<*i.ical 
C|ue*stiunH of e*olloie! clu'mistry. By n*ason of the* conditions of 
light refraefum its value* is edtie*fly c‘onfine‘d to iueirganie^ {*e)lloids. 

In tlu* orelinary mierosco|>e* the* ri(‘lel is usually bright, wliile* tlui 
object is more or h‘SH dark against its surroundings. In the* ultra- 
microset^pe*, emly tlu* rays of light re*{le‘(de‘el from the* olijeett re‘aedi the 
o!>ser\^<*r*s uye and p<‘rmit tlu* ohje*c.t te> stand out bright against the 
dark hackgrouiuL 






In this dark fh*ld ilhniiinnfii.iii th** f«»ria th** iihjrii.H ’iri* iiui 
givtai, l)tit rvtay poiid ap|H%Hrs h>- a Miiiall ttliifli liiifiiT 

HoiiH* rinnmistaiin\^ laay l»t* ^urruundt-d l»y mir ur ^'.r^i-ral uf 

light, llie uhnimierusrHpt’ i-s i'sprrialty ^iiilrd fMi" t!if ri'nigiiiiiiiii uf 
inhammjrnriiivs in a ninjiuin. 

Apart frcaii t!«‘ riH^ogiution uf h*rm, tta* lit'kl of appliratiitn itf thr 
mirrciHtaijH* wa?^ laiijniamsty rxtrndf‘d t»y tiw iuvnitutii id thr iilfraiiii- 

CTOSfC^pP. 

At alnmt navaii hundred diauaiiu*^* uiiigiiitiraliMie tin' liiiiil t»f tln' 
availat'ile mirniHriipind iiiagnifieHtiuit h mirhi/it tlinirri ir^illy itm! 
praetiriilly, /.r.. revtdatiuu t»f ritnv drtaii^ ’flir elnlsiii l«» mnlt 

partifleH miWr in the ultniinrr4i*^rHpr h a!in»»^t uidiiiiiird, jin^viili^d 
(ady a Huffiriently :stniiig *4 light i.h iivai!a!4t\ l*ra»*tii‘jilly * 

the limitH of vyhility in mir latitud«' i!i*’ !»*-h| Hiiidight at*»itil 
10 (I I inillbnlh part nf a »dlliiii*‘t«*r ^ 

5 mm. TrJ 

For our jHirp<wi\*4. two typr^ !»r «li’i!nigni’di**4: ritno. 

inieroHrtiia^H fur the ?4tiidy of eo!I«*ah^. l*lnyv pi-finii thr' 
of (ihjerts i»r itdiuUiogiiirilir.^ ihitui to Itt and u-rv laight 

HOUrreS of light — mililigllt rr||r*ird Irom a la-Ilo-^Oat , or rlrrlnr jirr 

lights. (5) ritrainierii’^ruprs* for thr’ .Mtodi of oigani/rd iiiiiirfmlH 

(ndefiMirganiHiiiH, aiiiinitl and plant rrlho^ Miii!]i!ilr hir tin diifii, of 

ohjiads no smaller than IIIm- Wi-ld^jieh or \*a-n'4 ligiit’s in eoin. 
hinatiou with siiiintilr leiinr.** furm*d4 millieimi illiiininatiMii. 


Ultramicroicopy for Iht Study of Colloidttl Holiitioiin. 

Hie original dit«u!triiniieroMru|«« I'unnirueird f{. rl♦rt’ 

find i{. ZHnaioMiv with reefnngulitr iirriing«aiifiil of tin* ii\rH 



h riowiidiiys only raupluyi^d for tb* *»! nohd ohj^re ^ ,• 

iiiifl on this amiiiiit iimy omittrd it^nu eOiMn ,]| 

eolioid invest igfitifiiiH. lleei-ntly ha-i nd i Sl* d 

Hlit»ijltriiiiiierost*ii|ii* tu liiiini*r^ittii. A largi* pfo|«ii'ti«»i4 of Sij- 
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rays in the path of the object examined are lost by refraction. Very 
small objects, such as bacteria are too faintly illuminated to be 
visible by his “dry system.” On this account, a highly refractive 
fluid (water or cedar oil) is placed between the object and the objec- 



Fiq. 29. Illumination of the cardioid ultramicroscope. 


tive (of wide aperture), which permits many more rays to pass from 
the object into the objective. It was impossible to use immersion 
in the earher slit-ultramicroscope because the illuminating (J5i) and 



Fig. 30. Course of the light rays 
through the cardioid condenser. 
(H. Siedentopf.) 





Fig. 31. Quartz chamber for the 
cardioid ultramicroscope. 


the examining objective could not be brought sufficiently close 
together (see Fig. 31a). This difficulty was overcome through an 
improved method of construction by the optical works of R. Winkel 
of Gottingen (see Fig. 30). A drop of the fluid to be examined is 
placed between the two immersion objectives of wide aperture or 
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they dip into a small trough containing the fluid for examination. 
The illumination intensity of the immersion ultramicroscope’’ is 
much greater, than the original, and particles are made visible which 
formerly had quite eluded observation; the contrast effect in the 
intensely dark field is quite perfect. For biologists, the ultramicro- 
scope with a cardioid condenser is at present the most important 
instrument. It permits the use of twenty times as much light as the 
slit-ultramicroscope, “practically the maximum available from the 
source of light.” 

The construction of the apparatus is shown in Fig. 29. c con- 
tains an electric arc lamp with a perforated sleeve cap d to cut out 



Fig. 32. Holder for the quartz chamber em- 
ployed with the cardioid ultramicroscope. 



Fig. 33. Flasks for storing 
ultrawater. (A. Haak.) 


interfering light. An illuminating lens e passes the light sharply 
downward, through a glass trough filled with water, to the center of 
the microscope mirror. 

The water trough serves to remove the heat rays or when neces- 
sary acts as a color filter. The microscope mirror throws the light 
perpendicularly through the cardioid condenser, which replaces the 
Abbe condenser in the microscope. It is evident from the diagram 
• of the cardioid condenser (Fig. 30) that the various ascending rays 
strike the slide e obliquely by reason of the double reflection from the 
two spherical surfaces and that thus, all the light is utilized for 
illumination; only the rays reflected by the object take the usual 
path through the objective and the ocular to the observer’s eye. 
Water is used for immersion. 

With the cardioid ultramicroscope the object is placed between 
slide and cover glass as in ordinary microscopy. For reasons we 
shall revert to later, a slide with a special quartz chamber (Fig. 31) 
is used, which is held in the holder (Fig. 32). 
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There are a number of precautions to be observed in working with the ultra- 
microscope. Since every impurity makes a point of light in the field, it is neces- 
sary to employ optically clear water. Such water is prepared according to R. 
Zsigmondy by distillation through a silver condensing tube, or according to H. 
Bechhoi-d by ultrafiltration through a very tight ultrafilter (6 to 10 per cent). 



For collecting and storing, only Jena glass vessels should be employed. Ground 
glass stoppers or corks arc to be avoided because they always yield fine dust. 
I have found the suggestion of W. Biltz serviceable; he coated the stoppers with 



• Fig. 34a. 



tin foil. I recommend a storage flask for ultrawater manufactured by A. Haak 
in Jena (Fig. 33). 

Neither water nor alcohol should show microscopically the slightest Fahaday- 
Tyndall effect, but wherever illuminated, only a very faint shimmer, whitish 
in the case of water (ultra water), bluish in the case of alcohol (ultra-alcohol). 


126 


COLLOIDS IN BIOLOGY AND MEDICINE 


Though a skilled ultramicroscopist usually recognizes impurities from irregular 
intensity of illumination and color of the submicrons, as well as by differences in 
motion, the most extreme care is necessary in ultramicroscopic work. 

Cover glasses for the upper chamber should be of quartz, 3/4 mm. thick. 
The usual methods of cleaning (cloths, brushes, elderpith and Japanese tissue) 
are to be avoided, as particles, which maj^ cause much trouble, are broken off; 
scratches, tears, and impurities arising from dry cleaning increase the adsorption 
of colloids on the chamber walls and reveal their own ultramicroscopic pictures 
independently of the colloid particles. The chamber and cover slip must always 
be cleaned in the following fashion: nothing is touched by hand, only forceps 
with platinum points or with a loop of platinum wire about them may be used. 
The apparatus is placed in a hot mixture of concentrated H 2 SO 4 and sodium bi- 
chromate, then washed with tap water and finally conductivity water. The water 
must be removed with ultra-alcohol and finally collodion is poured over the cleaned 
surface. Before use, the collodion skin may be easily raised at one corner and 
removed. 

On forcing the chamber and cover slip in the holder, it is necessary to avoid 
screwing too tight or tensions will arise which gradually equalize themselves and 
cause striations which are very disturbing. 

Ultramicroscopes for the Study of Organized Material. 

The apparatus for this purpose may be adjusted to any microscope. 
Special preparation of the objects is unnecessary. 

Objects difficult to make visible by staining or which are too small 
to see alive with the ordinary microscope are especially suitable for 



Fig. 35. Abbe condenser with 
central opacity. 



Fig. 36. Paraboloid condenser for the 
dark-field illumination of organisms. 
(From H. Siedentopf.) 


this method of investigation, e.g.^ spirilla, protoplasmic structures, 
etc. A picture is obtained similar to that with Burbi’s India ink 
method, in which the rest of the field is blackened with India ink, 
while the objects appear bright. Oblique illumination reveals in- 
homogeneities and structures which would be invisible even with 
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staiuiug. hi tlu' <l(\scripti()ii of th(‘ iuvc'stigatious of N. (Iaidukow, 
E. UahlmanNj wt‘ sluill r(‘tuni to tliLs topic. Tlu^ optical systcan 
d(*pcnuls oil tlic fai't tliat th(‘ ciaitral raya of liglit r('flcH*tc‘(l from tlu^ 
mirror of th(‘ microscopi* an* cut out by a disc, wluu'cais tlu^ lateral 
rays wliicli strike^ th(^ ohjiad. ol)li(jU(‘ly are utili/anL 

TIh' simph'st and ch(‘apc‘st arraugiaiuait is th(‘ ora^ by which a 
(•eutral blind is pla(‘(‘d in tlu^ (Uaphraf>:m carriiT of th(‘ Aimio illumi- 
nating apparatus (stu^ Fig. 35), yid- this arrangiaiaait is not rc'com- 
mtauk'd on act‘ouut of the faint illumination and tlu^ difficulty in 
ciaitering, 

Mueli hi b(‘ pndernHl, Ihhuiusi^ of th(^ strong illumination, is Hikdkn- 
"roer’n partilxiloid condenser (si^t* Fig. 3()). It is adaptcnl to the study 
of living bactc'ria and (‘spta^ially for thin organized structures. 

The thiektT the pn^paration th(‘ wcaikcT must Ix' th(‘ olijiavtive, 

PrrparaticaiH lauHt ht» ma<le with |i:r(‘at(‘r d(‘aalia('HH than for hridit fk^ld 
ilhanination, though HU<‘h wnaiulous care ih not u(‘(u\H8ary as for th<i tumiioid 
r(jn«lc*nN<*r, 

'i'ho nlitlo niUHt have' a th'fiuiU^ thickiu'Hs (not 1 (\hh than l.l nun. or more than 
1.4 nun.). 

'rho olijcH’t t<j ht' Htudh'el is plaee'd on a slide inoishHunl with a <lrop of physio- 
hvgieal Halt .solution and a eovtsr gla.ss adjustc'd .so that th(H*(' art' no l)uhhl(‘s. The 
water presHt'd (mi at tlie sitles is absorbed and the' rirn is se^ah'd tight with wax 
(I part wax, 2 parts rosin 1. elre»p of water without lKibbl('.s is phicesl be'twc'eu 
the* sliele* and the* exuule'nst'r. Neither welter ue)r oil is usenl In'tweeui the slide 
fuiel the* eibjt'edive (dry Hystean). 

{Otlw'r ultrainiero.seope's have* fM'e*n dt'vise'd by (kirroN and Mouton, and by 
IvANow'Hiu (nmtle by F. Lkita). See also L’Ultra-tnieroscope by PAUnClASTON, 
l»ans, IIUO. Tr.) 




Au iwterlsk (*) after an authnr’n name refern to a refercaice ia of 

naiu(*s. 

PART II. 

THE BIOCOLLOIDS. 

With thc^ c^xca^ptiou of watcT, inorganic salts and a f(‘vv organic 
Huhstanccs as, for insianct*, un^a and sngar, oidy colloids (»xist in 
plant and animal organisms, and if wc t‘xc(‘pt wat(T, th{‘ (*olloids 
cfnantiiativcly far (*X{UH‘d tlu‘ crystalloids. 'This app(‘ars r(‘aso!iable 
wluai W(* r(msid(‘r tin* n‘spt‘ctiv(^ rol(‘s of crystalloids and colloids in 
tlu‘ organism. W(‘ may compan* living organisms to a (‘ity, in which 
the ctilloids an‘ tht^ hous(*s and th<' crystalloids arc* the* pc'oplc* who 
travc'rsc the* str(*c*ts, disappewing into and (‘inc'rging from the* hous(*s, 
cir whci arc cngagcnl in dc*molishing or (‘r(*cting buildings. The colloids 
an* the* Hiuhlv part of the* organism; tlu* ctrystalloids t.hc^ mobile part, 
whic’h |K*nt*trat ing (‘vt*rywht*n' may bring w(*al or woe*. H(*(^aus(* th(*y 
have* cmly a transitory use, we* find in the* organism only a small 
nnmln*r and a small (pianiity of organic crystalloids. In plants wi^ 
(*ncount(*r the* most important organic crystalloich sugar, on its way 
from its place* of origin to the* plac'c* whc'n* it is UHt‘d, or in d(*pots, 
such m buds, rends, fruits, c‘tc., whe*n* it is (*itbe*r e*hange*d inte> an 
insoluble form of e'arbohyelrate*, into starche*s and re*late'd proeluc‘ts, 
m its re*ireat is (‘ut edT by the* drying of the* ste'in from whicli tho 
fruit de*pe*nds. In its course* we* may tap gre^at (iuantitie*s of sugar, 
as in tlie* iiirc’h, maple* and palm wh(‘n they are* “in sap.’’ If for 
any r<*ason it l)e*come*H mobili/.e*d again in the* de*pots, large* ciuantitie‘S 
c^f sugar may be* forme*d. In wild plants the* amount of sugar is 
rarely ve*ry grc*at; it is othe‘rwis(* with e*ultivate*d plants wlu*re‘ as the^ 
result of t'ultivatiou sugar is Htore*d witli no advantage* to the plant, 
r.g,, sugar iH*e*ts, sugar e’unc* anel e*ommon lK*e‘ts. At timc*s a eu'rtain 
biological purpose* may he* associat<*d with sugar formation, c.r/., the^ 
sugar fewmation in fruits for the* purpose* of thi‘ir diHse‘mination. 
The* fruit is always the* biologie‘al ohje‘(‘i and se*rve*H to pe*rpe*ttude* 
the* Hpe*cies, not tlu* individual. The* de*ve*lopme*ut of a gn‘atc*r 
t|uantity of crystalloid as sugar in fruit is the*r(‘fore* not surprising, 
since tlie fruit has e*ompIc*te*d its seTvice* for the* individual plant. 
Klse‘whe*re*. we* fmd tlu* e*arbohydrate*H only in c'ollendal and most 
eefte^n e‘Ve*n in insoluble* form. I rt*fe‘r to sturclu*s, et*lluloHt* and gums. 
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Like plants, the animal organism has the power of changing carbohy- 
drates into crystalloids. Ferments change the starches into sugar, 
in fact cellulose which is so resistant to chemical attack is made 
soluble in the intestine of vegetarians, so that it can enter the animal 
body. As soon as the crystalloid forms of carbohydrate have passed 
the intestinal wall they are transferred to the main depot, the liver, 
where they remain in the stable colloidal condition as animal starch, 
glycogen. We also find glycogen in most of the other organs, where- 
as the mobile state of carbohydrate, grape sugar, occurs only in 
minimal quantities (0.08 to 0.12 per cent), in fact only just so much 
as is necessary for the production of energy. 

Fats, too, are found in the truly soluble form (e.g., soaps) in plants, 
only in the germs of seeds; and in animals, probably only at the 
moment when they pass through the wall of the intestines. They have 
hardly passed the intestine when they immediately regain their colloidal 
condition of emulsion, and are carried in that condition to their depots. 

The same statements hold for proteins. Crystalloid cleavage prod- 
ucts are found in germinating seeds and in minimal quantities in the 
vascular paths; in plants, asparagin; in animals, among others, 
urea, uric acid and ammonia salts. The organism strives its utmost 
to retain the colloidal condition. Hardly have the crystalloid 
cleavage products of albumin which have been formed in the stomach 
and intestines passed through the intestinal wall, than they are 
straightway changed back into the colloidal form, so that their re- 
turn may be cut off. The crystalloid combustion products are given 
an avenue of escape through the kidneys. 

Physiological chemistry deals with the role of the carbohydrates, 
fats and proteins apart from water and the inorganic salts. In the 
study of biocolloids, water and salts cannot be neglected, because 
water and salts are an indispensable part of the colloids; no colloid 
can exist in the organism without them, because they condition the 
turgescence which is characteristic of living colloid. 

In the case of cells with true membranes, salts may determine at 
times the balance of osmotic pressure within and without the cell. 
This general fact does not explain the necessity of the various 
kinds of anions and cations (K, Na, Ca, Mg, Cl, SO4, PO4, C62); 
the balance in osmotic pressure may be maintained by any non- 
electrolyte (e.g.j sugar) and yet a cell cannot be kept alive in an iso- 
tonic sugar solution. Inorganic salts have specific relations to certain 
organs to which we shall refer later; they are the expression of 
characteristic sharply defined physical states assumed in the presence 
of given quantities of water and salt, by the proteins, carbohydrates, 
etc., of which the organs consist. 
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Chtnnistry in gcnun’al, and physiological chemistry in paii-icular, 
aims to iuv(\stigate tlie structure of individual cluanical substaiuH^s, 
and thim explain tlu‘ir pro|Ka1i(^s by splitting them, synthesizing 
tluan, aiul comparing tlu^ rt^gtaua'atcMl (rtMirtituilatcHl) substancu^ with 
t!u‘ original, to s(h‘ it it is the sanu^ or dilbaxmt. Un fortunately, so 
far as tht‘ colloidal (‘onst ituents of th(‘ organism are <H)nc(‘ru(Hl, they 
an^ still far from tluar goal, (‘sp<‘cially in tlu^ (^as(‘ of carboliydratt's 
and protcans. Here c<41oid cluanistry cuUts and atUanpts to com- 
prc'hend and wlu're |K)Hsibl(^ to n'gulate th(‘ behavior of th(‘ finished 
product, ('olloid chemistry is not occupied with the* i)arts of the 
muchiiaa but with iht' nuiclmie itself. Th{‘ (chemist, splits the pro- 
teins into poly jK^pt ids, amino-acids, etc., but the stiukmt of bio(‘olloids 
avoids such profound attacks and Htriv(\H to ktu'p th(‘ mol(‘cul(‘ in- 
tact HO far as possibh^, studying its outward form, th(‘ cluatiical 
jH)inlH of attack ofTenal by th(‘ unmutilaUal mol('cul(% its bduivior to 
changes which may occur under normal aiul pathological conditions, 
as wt'll as tiumc* brought about by drugs. 

I wish hert‘ to c‘mphasiz(‘ on(‘ otlua’ point. Only a hav substanc(‘s 
occur in the organism that ar(‘ suitable^ for study by th(‘ physiologi(*al 
claanist. StTum allamun and globulin, the starch(‘s and sonu' of tlu^ 
fats, an* unc|uesti(auibly suljstanees which may lx* s(*i)aratt'd from the 
organism without losing some* of tlu'ir I'ssimtial prop(*rti(*s, but tiny 
are exceptions. The substanc(‘H usually studicai by physiological 
claanists an* thos<* which have* already sufftaanl eonsuhTabh* modi- 
ficatam. dlie t)rganism posH(*ss(*s luatlaT glu(‘, histone nor myosin, 
aial even if we kmav tia* c*xact elaaiueal constitution of ghn*, this 
wouhl throw no light upon tlu* prop(*rtu‘s and tlu* fimetion of cartilages 
and t!u* fibrils of conmadive tissue from wlfudi it is deTiveal. Ibit 
eveat witlumt knowing the* claanieal ciimpositiou of ghas 1 bediewas 
that it woukl be iHKssibk*, with the* na‘thodsof colloid claanistry alone, 
to eailltad a siTies of ohseTvations which woukl afford valualilcs coii- 
etusions concerning tla* claanieal mechanisms of such tissia^s. 

A iina* will come wlaai tla* old physiological edaanistry and the 
new chemistry of tlie biocollokls will mi*et aiuI tla* two opposite 
eials cjf the tunia*l shall 1 h* unit(*d. We* shall first try to learn the 
propt*rties of tla* intact colloid mok‘cuk‘ eif tfa* eaillokl particle. 
Tlie following c!iapt<‘rs on e*nrbediy<lrat<‘s, lipoids and protesins should 
Ih’ reael, lH*aring this stat(*inent in mind. 
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CARBOHYDRATES. 

Ah ilu^ name' iu(iieat(‘s, \vi\ classify as carl)ohy(lrates a group of 
Holjstaiu’OH coutaiuiug (jarhou arul the elem(‘iits of wat(T, Ae., O arid 
H in tlM‘ proportion of I : 2. 

We ow(^ our kuowltHlgc' of t,h(^ eoustituiiou of the lower members 
of this group, th(‘ erystalloid water-solu])l(^ .var/ans, largc'ly to tlm iu- 
V(‘Htigatious of Emil Fisoukr. Tlu^ sam(‘ ditfieAiIties which we 
eucoimitT iu th(‘ study of all colloidal substaiictvs iiiterfen^ with d(‘- 
termiuiug th(* (‘oustitutiou of thc^ higluT colloidal imunlxTO of this 
group, t h(‘ mech(troeoll(>i(h, Th(u*(‘ is at pr(‘S(mt no m(‘aus of j)ositiv(‘ly 
rcs‘ogruy4ug th(‘ purity and tlu‘ iudividuality of th(‘ substaruu^ studied 
or its derivativ(\s. It is tru(^''that. W(‘ may crystallize^ individual 
colloidal carboliiydrat(‘s, c.{/., inuliu, which as a rul(‘ miturally occui'S 
iu crystals, but all W(‘ hav(‘ said ou page* 71 couce*niing the^ crystalli- 
zation of e*olloids iu geuuTal appli(*s te) inuliu, 

B(‘caus<* of th(‘ir (‘ommon e)e‘curre‘nce‘, the* me)st important sac- 
charoe’olloids are* the* .s/Yerc//c.v, ve‘ge*table and animal (glyeH>ge‘n), and 
also N(*xt in importanex* ceane* the* varierus gium anel pao 

(irious plant jiiitrs. Dvxtrins whie‘.h an* also usually eudloidal arc 
re*ally (*l(*avage‘ produeds of the* starch<‘s. 

A lujst of iudivielual faeds have* b(‘e‘n de*rive‘el frenn the e*ne)rm()usly 
exte*nsivc* utilizatie)n of st.aredu*s, as fe)e>el, ce*re*als anel pot.ate)(*s, for 
ff*rmc»nte»d liepiors, b(*<*r and brandy, as sizing, (‘tc., anel erf (X‘lluloser 
(in tlie* t(*xtil<* industries and pape*r manufaedure*). It is ernly re‘ex‘ntly 
that the^n* has bexm numife'stesl an e*ffe)rt to re*a(‘.h a g(*ne*ral vi(*w-' 
point stich as collerid scie‘nc(‘ has maele* possilrle*. (E. FoirARD.*) 

Stair’il e)!rtHin(*d frenn starchy grains, is an amorphous white 
powcl(*r whi(*h migrut(*s in the (*le*(dnc curre*nt ter the^ anode*, it e^xhibits 
an nenel chnracte*r clH*nue'nlly, since* it aelsorlrs dissedvexl alkalis (with 
the* e*xe’e*ption of NIl 4 ()II) anel hyeh’oxiels of the* hc*.avy m(‘tals, 
prolraldy thus forming amylate*s. It eloe^H not aelsorb ae*iels err salts. 
(A. Hakc)Whkl*) Hin{*e* phosphoric acid is always |)re*se*ut in native 
Htar(di<»H and in the* diastatic cleavage of phosphorus-cerntaining 
eIe*xtrinH, we* may assume* with M. Samec that there is a eAirbohydrat e 
plursplurrit* aeid exrmple^x probably an ester (amylophosphate) . 
Starch has a gre*at r(*v(*rsibl(* swedling ciapae^ity in waten* (pore swelling). 
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In swelling there is a great loss of volume, i.e., the volume of the 
swollen starch is less than that of the dry starch plus the water 
necessary for swelling, as was shown in exhaustive experiments by 
H. Rodewald.* This contraction is about 8 per cent, when 20 per 
cent of water is taken up. Swelling is accompanied by the liberation 
of heat, which, according to E. Wiedemann and Charles Lude- 
K.ING,* amounts to about 6.6 calories per gram. H. Rodewald 
studied the phenomenon more thoroughly and found a diminution 
in the amount of heat liberated with increasing water conttmt. The 
following is an abbreviated table of his results: 


Per cent of water 

Approximate per cent 

contiiinccl in 100 gin. 

of neat, lilrorat ed per 

dry starch. 

grn. dry starch. 

0.23 

28.11 

2.30 

22.60 

4.58 

18.19 

9.59 

10.28 

18.43 

3.54 


If we add more water to starch, and heat to 55® -70® C., by ^‘solu- 
tion swelling,^^ we get a jelly-like mass, ntarch pade, which dissolves 
on continued heating in more water. This solution coagulates 
when it is frozen. G. Malpitano and A. N. Mosohkopp* utilize 
this property of starch solution to obtain a starch fre(^ from mineral 
substances. Demineralized starch on being mixed with suitable 
salts shows all the properties of the different forms of star(‘Ii. These 
investigators are therefore of the opinion that the various modifica- 
tions in the properties of the natural starch granules are due to mineral 
admixtures. 

E. Fouard,* by means of acids, freed starcli(\s from their inor- 
ganic elements and obtained a substance whicdi fontuHl an unstable 
colloidal solution in water. Heat, alkalis and alkaline^ salts made the 
solution more permanent, whereas cold, acids and add salts favored 
jelly formation. On ultrafiltering his starch solutions, 1C Fouard 
found that in accordance with their conccaitration, a givcai fraction 
of the solution always passed through collodion m(‘mbran(‘s. He 
concluded from this, that for every concentration of th(‘ star(‘h solu- 
tion a balance exists between the coarsc^r parti(‘l(‘s and ih(‘ rnolec- 
ularly dissolved (hydrolyzed?) starches. Unfortunatc'ly, tlu^ work 
of E. Fouard contains no information relatives to the pcTnu'ability 
of the collodion membranes, so that it is impossibles to arrive' at any 
conclusion in reference to the size of the suspended and the^ dissolved 
starch particles. 
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On ac<‘ount of tlicar gnnit surface development, the adsorptive 
ea|)a('ity of star(‘lu's is viTy great. As has been said, wlien they 
sw(‘ll tlu‘y adsorb wat(T, dyc^s, etc. A very characteristic adsorption 
compound is fornu‘d with iodin. lodinis the l)est known reagent for 
starch(‘s; by it iluy arc^ stained blu(‘. It was fornuTly believed 
tliat iodin and starch unit('d (‘luanically; W. Bn/rz showed that it is 
nuTt^y an adsorj)tiou. According to the dc^grec^ of dispersion, iodin 
Holutitm is l^lue, nnl, orang(^ or ycdlow, inasmuch as the starch solu- 
tion acts as a probative colloid (W. IIahuison*). There ar(‘, in 
atldition, varictii's of starch which giv(‘ at oiuh^ a brownish red ora 
witu‘ hhI color with iodin. Inulin and licheuin are colored yellow 
by itHlin, 

The swtdling and pasting of starclu's, hydration, is analogous to the 
swt^llingof protiMUs, which is apn^liminary to their hydrolytic cleavage. 
Idle sw(‘lling of starclies is favored by (‘lectrolytes, especially alkalis, 
HU that sw<*lling comnienct'S at a much low(u* bunpiTature in their 
\nvHunvv. For this purpose the anions ar(‘ ('spc^ually important and 
in fact, in a lyotropic scantvs, similar to that of acid albuixiin. See 
page 152 (M. Samkc).* 

Starch |)aste incnaisc's tin' surface^ bumion of water (Zlobickx’*'). 
A solution of starch in wat(T, m well xis on(‘ of dvxtrln, dissolvers Icvss 
(Hh than pxire wabu* (according to A. Finolay"^). (A gtrlatin solu- 
tion dissoIv(*s nxore CXh tlian })ur{r wab‘r!) 

FndtT tlur influ(rnc(‘ of dilute acids or diastatic f(rrnu‘nts, th(r starch 
mohaaihr takes up wab^r iind, sb^p by sb^p, br(‘a,ks into small frag- 
imuits, aidiihlv HUirrhcH^ amylodvxtrinj various dixtriris sonu^ of which 
c*rystnlliz{% and finally into grape* sugar. Tlu^ larger the^ fragments 
the* more* marke*d is the*lr cedloidal e‘harae*t(*r. 

Ah the* result e>f osmome*tric (*xpe*rim(*nts W. Bu/rz * arrive*d at the 
following mol(*cular W(*iglits: 


AinyliMlextrin 22,200 ^O, 500 

iichoKulc'xtriei 11,700 8,200 

IbythriHlrKt riji , (j,800 * 3,000 

Arid ci«*x(nn 4,000 

I^iwrr HrhrtMHlrKtriu 1,800" 1,2(K) 

Drxtrin (< .005 

('«»miacrrial dextrin 0,200"" 2,7(X) 


'^Holuhle* starelF’ (a(*eording to H. Fhikdionthat.^O produc(*H a 
d(*fmiti* lowe*ring of the* fn*(‘zing point, whi(*h is proportionate to the^ 
amount of the sulwtaneu* that is dissolve*d. 

('rystallizahle* el(*xtnns [umylose*H (( 'eHiuOrOel pr(*par(Hl by II 
IhiixeiHiiKiM* ami FiHHX.nii eannhine with iodin to fonn iodin-additiori 
e!om|Knmds whie*li di.ssolve like iodin starches in cold miiur with a 
transitory blue ea)lor. 
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Commercial dextrins which are mixtures of starch fragments of 
different size are almost entirely held back by impermeable ultra- 
filters (10 per cent) (H. Bechhold*^). 

Closely related to the starches is inulin, the reserve carbohydrate 
in dahlia bulbs and the roots of Inula helenium, etc., as well as 
lichenin, which occurs in many lichens, especially Iceland moss. 
Unlike the starches, inulin and lichenin are soluble in water without 
forming a paste and form yellow adsorption compounds with iodin 
(see p. 135). 

Besides these, a series of starches have been identified, some of 
which show differences in their final cleavage products, the sugars. 
As yet they have not been studied colloid-chemically. 

In its biological function, animal starch, glycogen, resembles the 
plant starches closely, and in its colloid properties stands midway 
between these and inulin. It swells in cold water and forms with 
it an opalescent hydrosol. The electric current carries it to the 
anode (Z. Gatin-Gruszewska*). With iodin it forms according to 
its concentration, a brownish yellow to deep red adsorption com- 
pound. 

The internal friction of glycogen solutions have been studied by 
F. Bottazzi and G. D’Errico* as well as by J. Friedlander.* 

Glycogen is split up by acids and ferments, and according to the 
degree of hydrolysis we find all sorts of fragments, from the highly 
colloidal to the easily diffusible grape sugar. E. Rahlmann*^ fol- 
lowed this process with the ultramicroscope. 

The glucosides must be mentioned in this connection. They are 
compounds of the aliphatic and the aromatic series with sugars, 
which may be split into their components by acids or ferments. In 
the vegetable kingdom they include very active pharmacologic and 
toxic substances, such as digitalis glucoside, phloridzin and saponins. 
Recently several glucosides have been discovered in the animal organ- 
ism, e.g., cerebron in the human brain. Though some glucosides, 
e.g,j amygdalin and myronic acid are unquestionably crystalloids, 
others, e.g., saponin, are entirely colloidal. Since we know very little 
of the biological significance of glucosides, it is evident that we do not 
know what importance may be ascribed to the crystalloid form in 
one and the colloidal form in the other. 

The gums are carbohydrates which are widely distributed through- 
out the vegetable kingdom. Some of them play a part, in many 
respects analogous to that of fibrin in the animal kingdom, since they 
solidify on issuing from a wound, thus sealing it. Best known of 
the gums are gum arabic, carraghen and cherry gum^ while agar, de- 
rived from Japanese sea weed, is of especial importance in bacteri- 
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ology. Finally, we must mention the pectinous plant juices, which 
unlike the true gums are slightly or not at all soluble in water. 

The gums are typical examples of hydrophile colloids; they swell 
into jellies in water, and on adding more water pass, at an indefinite 
point, into solution. Rise of temperature shifts this point in favor of 
solution, though it is by no means immaterial at what condition of 
swelling the heating occurs. If, for instance, agar has been allowed to 
swell in cold water for a long time, it immediately becomes a homo- 
geneous solution on warming. If solid agar is heated in water, we 
get a lumpy suspension of agar in water, which only very gradually 
becomes a homogeneous sol. It is evidently necessary for each 
particle of agar to have the amount of water necessary for solution 
in close proximity before it is warmed; otherwise the swelling will 
occur but slowly from the outside, where there is an excess of water, 
and proceed inward, since the peripheral particles of agar hold the 
water until they are dissolved. Indeed, the phenomenon is one which 
depends on the size of the surface; the large mass with relatively 
small surface dissolves more slowly than the same mass divided, 
i.e., with a relatively increased surface. Solutions of gum do not 
dialyze. In my opinion little attention need be paid to the determi- 
nation of their osmotic pressure, since traces of electrolytes which 
cannot be removed, suffice to simulate it. I know of no studies 
on the electrical migration or on the diffusion coefficients of gums. 
[W. M. Bayliss has recently determined the viscosity and osmotic 
pressure against water and Ringers’ solution of gum acacia, gelatin 
and amylopectin. He recommends the use of gum and gelatin in 
saline infusions as a method of maintaining blood pressure. The 
more prolonged action of such infusions he attributes to the osmotic 
pressure of the colloids. Proceedings of the Royal Society of London, 
Series B, No. 89, pp. 380-393. Tr.] 

Gums usually diminish the surface tension of water. The a- of a 
20 per cent solution of gum arabic is 9 per cent lower, and a dilute 
solution of agar 5 per cent lower than that of water (G. Quincke). 
Some kinds of gum increase the surface tension of water (Zlobicki*). 

The general facts, stated on page 66, hold for the swelling and 
shrinking of gums. On swelling, the heat liberated, according to 
E. Wiedemann and Chas. Ludeking,* is 9.0 cal. per gm. for gum 
arabic and 10.3 cal. per gm. for gum tragacanth. Wo. Pauli*^ found 
that a rise of temperature accompanied the swelling of carraghen. 

The significance of crystalloids for swelling and turgor has been 
studied chiefly in gelatin. In the case of the gums, other than agar, 
no investigations of this point have been made. Though the prob- 
ability of many similarities exists, an absolute parallelism cannot be 
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assumed. Thus, fur inslanee, the iiieltiuK (Miiut of ^ji latiii U i;ii nl 
by grape sugar and glyeerin, whereas that ni agar r> .iun d. \;»t i 
elevates tlu' nu'lting point of agar and iiepn''i'.i -« that of gi lalin H. 
Bkciihou) and .1. ZiKdi.Ktt*"). 

Agar has a V(‘ry strung teiuleney In gi-hiiini/f; i vi-n ! gm j^ r 
liter gelatinizes at ()“. 'I'his great gelatiui/iug laipaeity led lit. mm 
Kocii U) mak(' his culture media of agar, and periuilted htin to gnav 
cultun's of bacteria on suliil ineclia at bmly temjieratnre. 
media which had been ased at first melt at dT't',, and could, ae. 
cordingly, uidy In- used at nnim temperature, 

Electrolytes as wt‘11 as nuneleetrulytes alter thi* gela!im.?,ji)on 
time of agar. Nitrates, iudids, .stilphueyanid'*. Iienzuale>,, iin a and 
thiourc'a lengthen it; chlurids, limmiils, neetatr'. and 'all > of |h.!v 
basic acids shorten it. 

Cdlulim' is for plants what iitmes are fur anim.aE. It form>. the 
framework which maintains their .shape. If it is lo fulfdi ihi-t funetiou 
it mast be inseasitivc tu the ehemii-ni inthienees of th*- plan) jme. 
and must nut be abl(> tu swell. WtuHlen reli«'s are by no means im 
common; only in exceptional iii-stanees an- fats ami pioi.-n,.. ,,i 
g('latiuous constituents .seen after tltuUs.Huds of v.-ai ami iheu oidv 
undc'r very unusually fav<trable eonditiuns. as m the de<eri rlunair 
of Egypt. W(K)il, evt'u uncarl Kinized. is a emumon rein- not i.nh b.i 
Egyptian archiiKilogists and travellers in the Turanian d-- eti !, bm 
it has fre<iuently iteen preserved in our own eluuate and even m 
water. Oak bridge piles dating from Homan time-* iiave b.-, i, found 
in the Rhine, wikhI earvings ami wmHlen l»uekei» in il„ springs of 
Salzburg, fragmi'iits of boats of the lake dweller-, m ih,- hike ,, 

and tho.s(> of the \''ikings in the |M-af Inigs of Xorlli ih rmanv and 
Jutland. Staliility of form, in other words, a -light swi-lhng eapa. tU . 
makes wtKid, next trr stone, metal aiul Imiie, ,-uitable for many pui 
po.ses. 

(,ellul(»«*, the prineipal constituenf of winnI. is eytremelv m.ieir. e 
and is only split up into soluble sugars rehietly grape aig.ij 
strong chemical action fiu-ids concentrated or under pt. vair. ... 
by specific fennents fbneteria in the intestine- of rumiiruii-. < 

(lclluIos(‘ not onl.v has a high adsorptive eaparitv for h. » pf 
but even true snsjaursions are fixed at its surfaee. For »bi. t, 
cellulo.S(‘ has reeenfly luvn u.sed like chareoa! as a dante i a,,.! , [ 

fdtcT for turbid liiiuids. 
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i?4 lilt* c’ulliH’livt’ uiuiM* for fatty suhstaneoH,^ Many 
tlioin art* iii»t iniib-.tt‘ni*<l liy wntor; luavoviT, Huh pruprrty h not 
rtiiiraiiuriHiii* tif nil ti|i«»idH. 

Fills aitil i*iis art* osirrs uf luRlirr fatty a«*iils* usually witli ^lyetuan, 
tt'liirli may hr .siilisfitutrit hy ofhrr lualirr alruhols; for instanro, a 
|»atiiiilir ariil r?**trr of «'rtyl alriihol orcnirs in sprrmac*i*ti, hauul tn thr 
.?4kiill uf |jit^ Hprrm-uiialt*, I'liouj^h in t>thrr fats all thns* Ityclnixyls 
i4* Klyrs-riii arr rr|4nrrti hy fatty arid ratlirals, in tin* taulhiH^H only 
Hvo fatty arid radi«‘aU orrtny and thr thinl hydroxyl ^roup is rr- 
plari’d hy a plio »|4i«u’ir utdd rhtiliu ratliral. C'holin isatrinndhyh 
o.\y*4hylainmoniuinhydro\td. 


C dtjt and 

tlhidattv Hn*i 
t ‘il,t >4af fy Jii’id 


FfitmnUi **l rr*ii*»Uti« 

< dljt Urh«»im |»hi»H|»|uUr 

tdlrrhitly arid 

I 

('Ihttdatty arid 


1 inallv, wr must roOMtdrr vhulfHtrrlnH and /sor/mfrshr/as, whirh wr 
may rrgard as romplrx IrriHUtrs. 

Up* rlmrarfrrist ir llir t riiclyrmddrs, arr imivrrsully distrihuhnl 
ill thr animal hody , whiTr tliry play an important part in maintaining 
thr li««iy hraf, wliilr in plants thry arr t»f mm4i Irss importanrr. 
Ij'nlhhiM art* fouml disfrihutrtl throughout thr animal t»rganism, not 
ifiily ill thr rliirf drpots. fltr hraiiu iirrviiUH ttsHur gim«*rally ami thr 
rm ysilk, hut ill rvrry «*rtl, rvrry <»rgam I’vrn in thr lymph, hlood 
t'iir|iir‘pdrs mid niiisrlrH, In plants too, Irrithin is widrly distrihutrd^ 
itrnirrilsg in I hr srrds. 

Hit* fart I hilt irritliiiis orrur in all parts of tlir body is an rvulrnc*r 
of fhrir grrat hiidogiral impiirtanri*. Ho far as may hr gathrrrd 
from pri'vioiis rf**^rarrhr,N, tliry play an important rolr in thr lifr- 

Varurti'^ iirvr’if injifiirs giv«^ difl**rruf drtiaitioas of fhr frria *’ li|H»id:H/' 
it uuvii tjirlit’iivriv aud o^gard/^ pvrrytliing in th«' bo*lv in orgnnir 

fe'-Usoit..-! Ji,‘i iifioid, ,s, gtvao if tip* niimav«**5t m’opr, nnd Ifp’llldr^s oitlv hIiIh 

mdiii'li fiiriii i-f4l»*id w»hitinn--4 in ip'ganir f«4vrnts rfiili-dllii rrrrhronidt, 

i:in 
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processes of the cells and in the adjustment of the metabolism be- 
tween cells and their surrounding media. The same is true of 
cholesterin which is frequently associated with them. 

Fats and oils are not soluble in water and aqueous solutions; but 
instead they are easily emulsified by a great variety of substances. 
A few drops of lye suffice to make the finest sort of subdivision of • 
oil in water. It is still an open question, whether this is accomplished 
by the lye itself, or whether it is due primarily to soaps, which are 
formed from the free fatty acids always present in fats and oils, and 
which themselves act as emulsifiers. Soluble soaps, i.e., the fatty 
acid salts of the alkalis, possess remarkable fat-emulsifying proper- 
ties; this property is also shared by the intestinal juice, the pan- 
creatic juice and the bile. Emulsions of fat and oil usually occur 
in alkaline solution, while on the other hand acids produce floccula- 
tion. There are exceptions to this, e.g., the lipase of the castor 
bean emulsifies fat in acid solution, and milk curded by rennet yields 
a stable acid emulsion on digestion in pepsin-hydrochloric acid. In 
general, fat emulsions behave like hydrophile colloids; they are not as 
easily coagulated by neutral salts as are hydrophobe colloids or other 
suspensions. 

Milk is a natural emulsion of fat (see p. 345 et seq.). 

Though in the examples given so far, fat has been the dispersed 
phase and water or the aqueous solution the dispersing medium, 
conversely, water and aqueous solutions may be incorporated in fats. 
In this case fat is the dispersing medium and the aqueous solution 
the dispersed phase. Instances of this condition are butteVj cold 
cream, which is cooling because of the water it contains, lanolin, as 
well as many salves and liniments. Structures like cream and whipped 
cream occupy a characteristic intermediate position. 

Lecithin behaves in a very peculiar way. It forms an emulsion 
with water of its own accord; indeed like a protein it swells up in 
water into a turbid colloidal solution, without dissolving. It may 
be said that it occupies a place, in respect to its colloidal properties, 
between the emulsifiable fats and the hydrophile colloids, closely ap- 
proaching the latter. 

0. PoR-GES and E. Neubauer* studied its properties by experi- 
menting upon the coagulation of lecithin emulsions. 

The precipitating action of neutral salts is in a lyotropic series 
similar to that for acid albumin, in which the greatest effect is pro- 
duced by the anions. Salts of the alkaline earths and the heavy 
metals frequently yield “zones of inhibition’^ as described on page 

71 / 

84. It is remarkable that neither HgCb nor Hg(CN )2 even in ^ 
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fuiH’riilmtioii mmv I'his is m tlnn^uii^h nrccuxl witli 

tlit^ .^iiliihllity uf siirli stihstunri*s iti fats. 

l4H*it!iiii aiin tuwartls rtilluitis aiai susptiisions (frrrit’ liydnixid, 
iiiaHtir siiMprii.suiii i likr nay utlu*r ndkatl wlfu’h ini^ralt^s \u tlu‘ 
aiiotlf*. Siiiiilarly rharp:«ul (’t»lh»i(ls c’uiist' ut» priH’ipitatiuu (and 
Ifrilhiii may nvl as a prutnrtivn rnlli>id ft>r inastir); tippnsit-nly 

eliarurtl rtilkiids prtKlurn tltHanilatum in suitaldn nuxturns ljVrnr» 
uxid liydrusuln Sapuiun idrars Irritlun suspcmsitms. 

Alathitlif Ifritluii stdutams an* mnrh num* stulilt in tin* |)ri*si*iua* of 
mits than .aipiisms suhituats. nhlnriil is an (*xta*|>tii>m 

Altailtiilir stilnt itms iirntnat stant* c»thnr nntkads, vjj.^ allaimnsns, 

fnan tin* pn^ripitatini^ at’luat td nk’uhol. i!.. MiruAnias and l.k 

l%tlii*ri*al Irt’itliin soluti<a»s t’ansc stann t»tht*rwisc* instdnhlr huIh 
staiiia* 111 diHsulvi* in Nn< 4 ami i^rupi* sugar). This prup- 

«a1y is fvitlfiitly dm* tn thi* fart that in t*tht*n*al sulutitag liu’ithiu 
has a gr**at raparity tVa* taking up wat«*r. 

ilittlrsirriri, ataaa'diug tu th»* iuvi*>*tigati<ais of O. Ikmuus and K. 
Xia iixi is n hydrophofa* (ndloid. Its at|m*uus nnudsitai la^havns 
liki* a iiia.stii'' .Muspiainiiai in t!n* pn'stairo td a. largt* van<*t;V of salts. 
Ttir Sana* is Inn* its liohavita* with othnr (sdloids. In maitnd 
sohiliiin it is prrripifatt'd Uy ri’rtain ptmporthms «d aihumin and 
sniaadri, la*rithin may nti as a protnt*tivt* colloid for rhoti*stt*rin, 
C liotcHiofin forms a tna* solution in alcohol and cthcfi and in Huch 
SidutkaiH t*.x}ii!ats iu» ctilhad prccipitatu>u rcat*tii>us. 



CHAPTER X. 


PROTEINS. 

We designate as proteins a group of nitrogenous colloids which 
are the chief constituents of animals and plants. They consist en- 
tirely or chiefly of substances which contain quantitatively: 


' Per cent. 

C 50-55 

H 6.5- 7.3 

N 15-17.6 

0 19-24 

S 0.3- 2.4 


One of the chief characteristics of most of the dissolved albumins 
is their coagulability when heated. The effect of heat on undis- 
solved proteins is shown by the loss of their capacity to swell; they 
are denatured.’’ Hydrophile colloids become hydrophobe. 

A host of the most diverse substances are included under the 
generic term ‘^albumin.” It includes water-soluble substances such 
as egg and serum albumin, and substances soluble in saline solutions, 
as globulin, vitellin, myosin and, finally, such substances as are solu- 
ble neither in aqueous nor in saline solution, for example, fibrin. 
We know that there exists in each plant and in each animal a distinct 
serum albumin and a distinct serum globulin, etc. In the chapter on 
‘‘Immunity Reactions,” we shall return to the species-native charac- 
teristics (Artspezifitat) of proteins (see p. 194). We shall not speak 
of these distinctions here, but we shall dwell, rather, upon the prop- 
erties that the different proteins possess in common. 

Colloid research, in a negative way, by destroying a large number 
of false conceptions, has been of great service to the chemistry of 
proteins; and it is in a position to establish new principles, since 
only a few proteins crystallize and, with others, common methods of 
purification are unavailable. Absolutely misleading methods have 
been relied upon to separate and distinguish proteins. It was form- 
erly believed, e.g., that the coagulation temperature of different proteins 
varied, but colloid investigations demonstrated that small quantities 
of electrolytes could raise or depress it to a great extent. By pre- 
cipitation with copper sulphate, E. Harnack believed that he had 
obtained characteristic copper albuminates, and other observers that 
they had obtained characteristic silver or calcium albuminates. 
Colloid chemistry has shown that the different amounts of copper, 
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Hilvrr, rciiitaiiUHl iu nuch pnripitatra cit»ptaitl iiikiii tlii‘ roiirrii- 

iratitiiis of tho Hulutk^UH of allmintu aiul of olortrulylo, ami that 
prtH‘i|ntatos cjf (’ouHtaat ctaistifiition uro always iihtaimnl tirulia' tho 
saint* foutiititais. Fu. N. Stau’LZ anti H. ZHniMoNn"V showtil tluti 
enjstiillizfd i*gK allniiniu whirh had atlsorlnni rtdlokial iiiotallit* gttld^ 
rtHiystalliziHl uuih it. 

Ah t!ir rt'Htili of Hnvh olKsorvatuais wo horonn* vory sooptiral otai- 
ct^rning ihv ** purity*' of pnitoins. Utnvtwor* it is just su«4i t*?cplaiia» 
tkm t)f oarlit*r tuTtirs wlu«*h hIuiw.h uh uptm what farts wi* may roiiUy 
iloptanl, anti ^ivrs ttj Htntnirt* a now mt^thoti anti, iu part, a now oottrsr. 

Bi4ort* wt* tit*st*nln* tho fow prott*ins whioh havo liotai sludioti otilhad- 
ohtanioally, wv sliall rtmsidi*r hrudly somo of thtar gmioral prtn»ortios, 

ihw td thv mtjs! oharaotoiistio pnipialios of many prtiltans is 
vungulniittn. It may ho hnai^lii alnait, latlior hy a riso t>f loiiipor- 
aiun* (lu^at otiai^ulatitttil or hy ohomioal moans. 

Mt»si tif tho ooagidations tluo tt> tho salts of tin* light motals amt 
Homo (4 tlmst* duo tti tin* alkaltm* t*arths art* rov«*rMihh% ij\, tin* 
ot^agulaiions tvwm^ t homsotvos hy tho athlHitm <4 iiniro wiilor, Urni 
ami ouagulaiitm tluo to many t>f tin* thr hutrij mdnt^i 

an* irn*vt»rsthlo. I'ho otjagulaiitms tluo ta aloohot, ao«*ttmo and **t!n*r 
an* intormodiato» that is, tin* otjagulation protluootl is at first soluhto 
in watt*r hut ht*ot»im*s itisoluldt* aftor a whilt*. cdtdiulin whioh has 
h<H»n |jrosc*rvt»d far a timo in pun* wator holiavos in a similar way, 
f«»r it thon hootmn*H loss stdtthlo in salt solutions. 

Tlnnigli rovorsihlt* oiiagntatnm may In* viowml as a puroly pfiysioid 
Maliing nal (Ht*o utulor this hoatlingl a chvmirnt o/noff/r ninst ho iisstimoil 
in tho oa*Hi*H t>f irn*vorsihtt* ooagtdnthm. Many ln*avy motals form 
insoluhk* ot»mplo?cos with alliumin (sts* p. toTld Irrt*vorsihlo ooagii- 
lation hy ln*a,t, aloohol, t*to., may l«* t*xplaimsl, possihly, hy a rlirmioid 
iranshmiiatiotu Tin* faot that tin* H urn oonoontration thmiiiislios 
aftor boat ooagnlathm is in favttr at this %dow (StitiK.NMSKX ami Ji'mi- 
HKM»* II. (hin*K and i \ *L Maimx,* ( h‘AUt4t;mm44»^.l. In fin* mso 
of boat ooitgiilatnin, wator ap|w*ant to t*ntor tin* alliiiiiiiii molisnilo, 
Iwoaiim* iihsolutoly tiry inniioghihin ami ogg allnimiii iiiiiy ho liontisl 
to rjfC\ without losing flnnr soluhility in wator til. t’lina and 
CA. J. AlAitTlM*). Possilily this is tin* initial sfagt* of liyilrolysiM, juiin* 
aootwding to Itr.arraaaani’** tlm surfaot* tonsion f»f salt -poor itlhiimm 
i4oltitioris is tontfKiriirily di*pn*ssod tipon htiiling, just as ooours upon 
hytlrolysis fiy |M*|min, frypsim vtr. Irrovorstlily ofiagulnird nllumii* 
nous {«*llirIos iriiiy ho formotl mt*roly hy shaking wdtli nir p. IMi, 

* [Haa'siwi liiii-i slitiwfi tliiit fifti'f tin* of ii ti-f Iml *4 I ai|f„ iwr kils» 

of ninrtarir rlikirid, no troiitmoiit avidts. Jtiur. Am. Mod, Awturififinfi, %s4, Til, 
p,m4. Tr.l 



144 


COLLOIDS IN BIOLOGY, AND MEDICINE 


Though native albumins are usually hydrophile, they become hydro- 
phobe upon heat coagulation. Traced of acids and salts cause precipita- 
tion. The precipitate of albumin induced by freezing is irreversible. 

Albumin may be partly changed to globuhns, and ultimately 
coagulated and precipitated by light, particularly hght of short wave 
length (G. Dreyer and Hausen, Chalupecky), ultraviolet rays are 
particularly intense in their action (Bovie). This is especially 
significant for some future explanation of the action of sunlight on the 
organism. Schanz attributes to it the clouding of the crystalline 
lens in cataract. The rays of shortest wave length, the Roentgen 
rays, coagulate albumin. 

A number of proteins have been crystallized (e.g.j egg albumin, 
horse serum albumin, hemoglobin, aleuron) and though the shape 
of the crystal is characteristic for the kind of albumin, nevertheless 
it is impossible to obtain the crystals absolutely chemically pure as in 
the case of crystalloids (see p. 71). 

Albumin solutions have been studied ultramicroscopically by E. 
Rahlmann,*^ E. von Behring, H. Much, Romer and C. Siebert,* 
by L. Michaelis,*^ L. Pinkussohn* and J. Lemanissier.* The 
results expected at the outset were not realized, so that, in recent 
years, there has been little heard on the subject. In my opinion 
this is unfortunate; I am inclined to believe that valuable data 
might be gleaned from a properly controlled ultramicroscopic study 
of proteins. It is evident that a large part of albumin solutions is 
amicroscopic, so that only such portions are seen as show a different 
refraction than water or physiological salt solution. An albuminous 
solution shows a different number of ultramicrons, entirely depend- 
ing upon whether it has been prepared in water or in physiological 
salt solution (Michaelis); and with different dilutions depending 
upon the salt content, a different number of small particles become 
visible (Rahlmann). On this account L. Michaelis and J. Lema- 
nissier do not share the opinion of E. Rahlmann and the school of 
E. von Behring as to the suitability of ultramicroscopic observa- 
tion for the quantitative determination of albumin, e.g., in the urine. 
Great interest must attach to ultramicroscopic observations of the 
cleavage of albumin by pepsin,^ the influence of therapeutically 
active substances (ferric chlorid, alum, tannic acid, silver nitrate, 
copper sulphate, collargol, etc.), as well as the effect of dyes on solu- 
tion of albumin (Rahlmann). A few submicrons were found by J. 
Lemanissier in albumin solution and many in hemoglobin, but they 
disappeared in 24 hours. 

Ultrafiltration of albumin solution is still in its infancy. H. 
Bechhold has shown that the particles of serum albumin are some- 

1 [Already observed by J. Alexander. Jour. Am. Chem. Soc., Vol. XXXII, 
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what snmlliT titan tlutna nf Itamogltthin. I5ilik<* farmentH, itrottatm 
mv imt .strniigly adsnrlHMl by ftltar material. 

All nllniininH an* umphtiitrtv vhrtrohftts, /.r,, tht*y ytald H and OI! 
inns; itthtaavist* f‘X|trnsshd, tlivy hnvn at thn saint* tina* tht* nharanbT 
tif wt*ak arids and nf weak l)as<*s» with tht* athtl nharartt*r innn* nr leas 
in vXiVHH. dim rtmst*t|ni*m*c*H n*snlting in tin* east* nf allnnnin havn 
hntai tiistnisstHl nnin* t*xtt*nsivtly nn p. lat. 

Hit* imrlrvirlf ptnnt is tliai whtav tin* sniu ttf tin* II aiul OH inns 
is It*ast. lliis point a(’<|nin‘<i t\s{HH*ial sii^ntfirant’t* from tla* stndu‘s 
nf L, MnatAKniH wIh» shnwntl that tlu* istaltHirtf point was ehariuv 
ti*risttn for i*u(*h allannin, lliat alhnnnnsnrn most taisily pnanpitattnl 
at this point was also tlt*nu>nsiratt*d [by H vnnv. 'Fr.!. In tins rnsjKHi 
thcw bOiHvn liki* t'rystalhthl nkad rolytt*s, Xnutral niokandea arn 
innrli nttjn* diffirult to dissolvn than tht'ir ions. Acitls slightly dis- 
soriatcal nlnrtrit*alh% nrin aritb salinylii’ arid* (paniiu*, an* inueh 
ninrr difltrnlt to dissolvr than tlanr strongly thssnriatrd salts. 

AdsarpHtiH phtHt^Nnid arr «»f grrat import anrr. Proti‘ins may br 
strongly adstirbrd nr, nn thr othrr hand, rxni a ptiwrrfnl adsorption, 
dlu* pnri'ly pliysiral plirntanrnu arr roiupliratrd by tla* inita’iningling 
of sptrilir rhtanit’al pmprrtirs ami thns vrry ilrridrd tiiffrnmrrs Ih> 
tw«*ru thr van<niH groups of albnmins arr bronght to light. 

/Vnfiias rm .ti/snr/ad Hukditnas, Adsorption lias la*rn most 
rarrfnlly studird in thr rasr of albumin. As a rrsnlt of its faint 
aridity it is romplrirty adsorbril l»y frrrir oxid hydrogtl, tail mastir 
ami kaolin snsprnsimis on thr rontrary adsorb it only in faintly 
arid solntion lb. Mhiiakus ami P. Hona^K On this arc-ount, any 
Husprnsion may br rmployrd /n nmarr allnnnin from atiil solutions, 
r.|/., urinr, wlirrras an rlrOrojiositivt* adsorbrni Cr.f/., frrrir oxid grl) 
must bf* rliosrn in tin* rasr of mntral fluids. Although tlir distri- 
bution lirtwrtm solvrnt and adsorbrnt has thr shapi* of an adsorp- 
tion mrvi\ it must nrvrrthrh*ss br rmphasi/.rd that the* prtirrss 
(adsorption by iron-oxid. rrllulosr and kaolini is only inromph*trly 
rrvrrsililr, thus rrsrmbling tin* phrnoinrna of dyring CW. 

Thr adsorption c»f miglobulin by kaolin iK. I.ANOHTKiNna and 
rimiia^l is bi hi* rxplainrtl in a similar way, 

l^mitiuM UM AdmuiH'ni^s, Protrins arr frrquriitly usml iius lulsorb- 
riit both in a solid am! in a drnatur«*d ronditimi. Hiry fakr up 
arids, alkalis, salts, dvrs, rtr., from solution, in ar<’or«ianrt* with thr 
formula of an adsorption rurvr. In my opinitin it is brst ft) rrgard 
thr romtsnind as an adsorption whrnrvtT thr rlirmiral ronstifulion of 
till* fiilsorbrd siibsliiiirr is unknown or wlirn it, itself, possrssrs rol- 
loicl proprrtirs. I'o virw thr farts from tlir stiitifl|Hiini of rhritiiral 
eonstiliition (srr p. 154 J, a virwjHiini wiurh prrsitjii Hisrs a morr 
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exact knowledge of the mechanism of the reaction, seems to me to be 
a still more advanced step. 

Adsorption by protein in solution is more important than ad- 
sorption by solid proteins. By ultrafiltration it might be possible to 
investigate the distribution between a dissolved colloid and a crystal- 
loid. In this connection I am acquainted only with the investiga- 
tions of H. Bechhold on the distribution of methylene blue between 
water and serum albumin (see p. 26). 

Thomas Graham and R. 0. Herzog*® determined the coefficient of 

D cm^. 

diffusion of egg albumin and ovomucoid to be • 10^ Its 

values are in the case of 


Egg albumin 0.063 (at 13® C.) measured by Graham, calculated by 

Stefan. 

Egg albumin 0.054 (at 15.3° C.) according to Herzog. 

Egg albumin 0.046 (at 7.75° C.) according to Herzog. 

Egg albumin [crystallized with 3.6%. . . .0.081 (at 16° C.) according to 
Dabrowski* (NHOaSOJ. 

Ovomucoid 0.034 (at 7.75° C.) according to Herzog. 

Glucose 

(for comparison) . 0.57 (at 18° C.) 

From these figures the radius r of albumin p.^rticles has been 
calculated for 


Salt-free egg albumin 2,43 m/z 

Crystallized egg albumin 1,37 mm 


[with 3.6% (NH 4 ) 2 S 04 ] 

This diminution in the size of the albumin particles in the presence of 
(NH 4 ) 2 S 04 coincides with what we shall learn of the other effects of 
neutral salts on albumin (see p. 151). 

When solid albumins go into solution there occurs a diminution 
in volume amounting to about 5-8 per cent, as is the case with 
starches. (H. Chick and C. J. Martin.*) 

Egg albumin and serum albumiuj globulin^ casein and fibrin have 
been most carefully studied colloid chemically. 


ALBUMINS. 

Albumins are soluble in water, and in dilute neutral salt, and in 
acid and in alkaline solutions. They are usually found in the com- 
pany of globulins and there are reasons for believing that they may 
be converted into globulins by moderate heating. Albumins occur 
almost exclusively in serum, in eggs and in milk; the existence of 
plant albumins is not yet definitely established. 
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In I Ilf orKimiHiii |iri>tfius unly invut* urtMitnpaniftl hy fIf<in4ytt*M 
wliifli gi’fafly iiitiiiiiy fhiir pn»|ifiiifs. ihi ihi-^ ufftnuit \vf .sltuil try 
Itt grt nil itlrji (if iitiiiiffun nutissuruitnl with rlrtirt^lijlrs in nnha' tn un- 
ilfr>taii4 flit* ilitillrliff nf thn Hiitlitinu nf t4fi't rnlytt‘S. 

Electrolyte-Free Albumin^ 

W«iLi'ii..wn fihtaiin**! an nlitninin frnf fnan flinirnlytes l>y 

liialyHiiig ii\ in fur fight wffkn. Aftrr Htantling 

iiiiili^titrhrii h»r Hi*vfni.t Wffk^. ttn* sftnun wns tlttfrint himI wuh hniiul 
til II ‘^ahtr rry^tnl-’fliNHr lluiil. liniling and thr ndditiun nf 

a!t’i»!ii»l fuiii|4fti4v f*»nunhitf(| thf .Ht^utiiui. Surh nlbniniii is am- 
pliutrrii' milli a wrakly flfftriinfuntivf fluiruf; sn that it rnusiHlH 
ftiiftly Ml iifulmt mill Vfry dightly iMui/rtl pnrti(‘lf'4'^ whifh inignitf 
tii Until flfftrMilfM in nil flfftrir tifUl i U. Mn Ai’rnnliitg 

Ih L, Miiiui'.mh and U, Hmn\, ihf iHufk’ftrir fHiint fnr Hernm uU 
Unniiii, lit \v!iif!i tlifn* thf grfatf.Ht ti*n(h4ic*y tti |irffipitatinn,, nfcntra 
uilli :ui HAmii rtiiiffninithMi nf 24ti fur huilftl, (Irnuturfd nmun 
alUiiiiiin ttht*fi tl'if Ithnn fnnrfnt nitiun is Ulh H incrfiiHi^H tlir 
iiitfiifil friiiiMii ijf i\atrr ffn^tilfraUly . If tip* friftinii fuftiifii*nt 
i»f wiiivt i.M I'f jiff Mf ill fit hy IIHMI, n I (wn* twtti ntnphntfrir nlhiuniii 
.railnf iMii lit thf Hjiiiii* ifiM|it*rHt tiff will Uf An rquininlfruliir 

t |*t 4 ' ffiil .Miitl .MnlntiMii niUMf.H nn «lfinunHtrnt»!<* ehungn in thf 
riflit Ilf friftiiiii of wntrr. 


Si^lnlniitif in Alhumin 

Wf Mini!! *a*f in thf follow ing pngf^ I lint alhuiiun lonmlly hn-.*^ ii 
piwrrfnl intlufiiff on thf NolnUiliiy of HnU^^imrfa, If \h a rfuinrk'* 
iil4i* fjirt ihiit thf Molnliility of rarUonir nriil thf ’^^nnif in iiii 
itllitiiiiiii '*ol UM it ill wiitfr i\. Fi\nn\\*n 41ii.^ all thi.'* iiioff n*- 
iiiiirkiifilt* Minrf unit gflntiiiH. in rout radUfinr! ion to alUnnitn, 

iii'f vfrv iirtivf ill iilli’ftiiig flio pnlnUility of furlioihf ufiik l1iU ia 
iinfiorl ant, .^nitff ^^frniti fon?ii*f|Ufiitly |ilii.ya no pari 

^ 11ir 'rliriiiiriii *4 |»rMn-ilo v»,mi iiyuiKnnitf*l liV F. IImI- 

iili4 isi '1 |ji||»ii"i, III iri’iait llf'V h.^lVf h***'’ll i’liirllv hv Wit. 1*4144 

?ifi4 liO Lrf-J ill liiilfri'Mil-i »’%|«*oi|M’nnil ill Vt^.nl III. ill P lift. \\r ttolt **’i|t*’ 

rn r,4l ft* U M. |*\fM iiint Ik It 4 %a»u\ np \ Hnlr. t,, 

< h . ||» tt4 H"**, IBt |»|«. 4|l> M7k /,*«■', 

ril . S4» ;*fs4 l iirflir-r m ih*-' |r\! biwik of It. '\r*i.t»4i Mi*l W"o, 

I in-rii .i..-! aril lyi ili if ii -sivi , lioll ^K*4r'irlir. , 4 it.!i»l § ■ . 

’ yiiirr all .iltHoInfrh- ii-iliJ'rrr iilhniltill rjinnt»t l»t’ |irf|iiirr4 hv' tlisilvil’t m 
nhmu liv llir iliVr;4|gHl|ofrt h! |*\fM ntul thf ini|int»lohf4 Ilf II. 

|lr.t iiiio|..n .Ii»4 .1 ?4i.oi.i ii. ii .in|r.io4if tlpO thf i|Uf:ntii»ti Ilf f4ffl.rir rliiirgf 
III piifr m iiol V'fl ilrhrti!*-!)' 4flrrfiiiiio.l. 
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in respiration. I have no knowledge of researches as to whether the 
H-ion concentration of water containing CO 2 is affected by ash-free 
albumin. 

Wolfgang Pauli and M. Samec* have commenced exhaustive 
studies into the influence of albumins on the solubility of electro- 
lytes. They employed a serum albumin solution which had been 
dialyzed eight weeks and contained 2.23 per cent of albumin. All the 
readily soluble electrolytes investigated showed a slight decrease in 
solubility as compared with pure water. The solubilities were as 
follows: 



In 100 gm. water. 

In 100 gm. serum 
solution. 

Ammonium chlorid 

28.49 

27.9 

Magnesium chlorid 

35.94 

35.51 

Ammonium suphocyanate 

62.46 

62.06 



Contrariwise, the solubility of difficultly soluble electrolytes was de- 
cidedly increased by the presence of albumin. 

The solubilities were as follows: 



In 100 gm. water. 

In 100 gm. serum 
solution. . 

Calcium sulphate 

0.223 

0.226 

Calcium phosphate Ca 3 (P 04)2 

0.011 

0.021 

Calcium carbonate 

0.004 

0.023 

Silicic acid 

0.023 

0.030 

Uric acid : 

0.040 

0.057 



Having in view the deposition of urates in gout^ H. Bechhold and 
J. ZiEGLEE*^ undertook exhaustive studies of the solubility of uric 
acid and urates in electrolyte-free serum. Since even traces of 
NaHCOs (in the case of uric acid) and Na salts (in the case of 
Na-urate) may greatly influence the solubility, before dialysing the 
serum, HCl was added until the NaHCOs was completely neutra- 
lizedt and the last traces of Na salts were removed by repeated 
additions of KCl. Each addition was followed by dialysis. In 
this way the following solubilities of Na-urate and uric acid were 
obtained in electrolyte-free serum albumin solution containing 7.6 
per cent albumin (expressing the percentage in relation to the entire 
quantity of protein in defibrinated blood serum) at 37° C. 

In 1000 gm. serum albumin solution (in 1000 gm. water) : 


Uric acid, 549 to 668 mg 64.9 mg. 

Monosodium urate, 476 to 568 mg 1200 to 1500 mg. 



i*hurrKiXs 
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Th(' al)ility to tho noluhility nt t^UHily nuliihlt* t4i*tirrily!t*“'i 

aiul f.u iucr(*asi' ilia soluhility tlitlicultly .^ulul4i* i‘liH’tritIytt*'’’ iit»t 
a Hpocitic pfi^pcrty t4‘ alhumiuH Imt in romiiuni tu iT»tlr»iilH in |*iiirnil» 

Albumin and Hydrosols* TIu* oKluiUHlivo .studioH i.tf V. Ficiiaif> 
slunv that t4t‘ftroIytO“fnH* Hmim and i%u. allnintiii art’ 
ci|ntattHl luitli by positive aiul uagativt* iiH>rp;aiur li\’dni^'itl'^. An 
optinuiiu pnH’ipitat 'u'»u ztmi* exists hrr<\ hm it dtn^H in uitirr riillitiit 
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|)nTipitatit>n. Addition of NbiFl sliiftn tin* /,imo of pro«npitiit i«iit 
witliout, luHvnvor. oonfonninii: to any dt^fiinto lau. A’-'* an 
I iniglit nuaitiori tin* pn*ripitation tX X ^ of albumin by diiniiii’di ■< 
ing (piuntitins nu4ybdit* arid, with nini uithmit addi d Xat 1, 
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Ah thr rt'Hiilt of ralnpliorrtir «‘\pi*riinfnt^n Id Fiunnnuxw b«"-* 
Iha’rs that tin* rharg«* of protoinn towardn \\utrr i*^ ih-ti'rniinat iv«* 
of thrir proripitathm by iinirganir hydomol‘<s. Allniniin ttlurh 
travrln to tho aiunlr, tuitwith.Htanding thi.H fart tn-itvy jtrr« 

ei|ntatf*H with iiu»rgnnir liydniM-ols inr?^i«nii’ tiintilphid, 'alirii* iit'id, 
molylKiir arhll. 1dn*rr in nnu’h to juntify tin* a,M'ann|itn»it of Id, 
Fiukokmann' that a givrn hvilro^uh arrordtnic to it>-^ nhargi*. r•oll*■‘^l.^i 
nt tilt* ■{' or '■ rhargi* of tin* nmphoinrir albumin, tlai.n pmiiitlinic 
iiH aggri*gatioii fti largor romploxoH, 

Thr lillmininH ii|i|.H*ar to art with prtdoinH of #lr/bi/lr thritoii«‘’0 
m arid eknmeirr juai m thry tin with tnorgitnir hydrirtohi *d . riitiau.* 
MANN anti IL KiimnuNTiiAU*), 

Injlut’mr nf 

If an idnrtrolytr h athhni to an nmpholorir altniitiiiu tlio jiroprrtif’i 
of Ihr albuiiiiii tiiidi*rgt» ronH}dt*ral4i* mmlWtmthm. Saih, in 

%a*ry wniill i|Uiiiititk*H lhundri*tifh inunialu ntinr ihr O'fii 

ptmiurt, IiH Ih nliowii in tlio HubHinjUnnl roiigtilatiiin tl•||||lo^ill|rr•l 
t4ikiai from a tiibh* roiii|»ilntl by Wo. itinl ||. It .wiiovnai 
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Salt 

0 

0.01 n 

0.02 n 

0.03 n 

1 

0.04 n 

0.05 n 

NaSCN 

60.3° C. 

68 

69.7 

70.6 

71.6 

72.5 

Na2S04 

60.3° C. 

66.7 

68 

68.5 

69.1 

69.7 

NaCl 

60.3° C. 

63.16 

65.7 

66.4 

67.2 

67.9 

NaC2H302 

60.3° C. 

66.9 

69.2 

70.6 

71.5 j 

72.1 

KSCN 

64.6° C. 

68.3 


69.5 


70.3 


This table shows the remarkable fact that the first traces of salt 
have a much greater influence than somewhat greater concentra- 
tions. 0.01 normal Na2S04 added to salt-free albumin raises the 
coagulation temperature about 6.4° C. while a similar addition to 
albumin already containing 0.04 normal Na2S04 raises the coagula- 
tion temperature only 0.6° C. We shall show the significance of this 
fact later. 

If the salt is more concentrated, coagulation by heat varies; the 
coagulation temperature rises continuously in the presence of K, Na 
and NH4. Thus for 

3 normal KCl, coagulation occurs at 75.6® C. 

3 normal NaCl, coagulation occurs at 73.6® C. 

3 normal MgCh, coagulation occurs at 75.4® C. 

The coagulation temperature reaches a maximum at a certain 
salt concentration and then falls again in the case of other salts, 
especially alkaline earths and the allied lithium. 

Maximum coagulation, temperature,® C. 


6 normal NH4CI 72.8 

2 normal (NH 4 ) 2 S 04 74.3 

1 normal LiCl 73.8 

0 . 5 normal CaCl 2 71.4 

0 . 5 normal BaCl 2 72.2 

0 . 5 normal SrCb 72 


Some of the magnesium salts may completely inhibit heat coagu- 
lation; MgCb below 6 normal, Mg(N03)2 below 4 normal. 

Cations also may be divided into different groups, according to 
their influence: 

In the case of SO4, Cl, Br and NO3, there is a greater rise with 
lower concentrations (up to 0.5 to about 1 normal) then a smaller 
rise up to 1 normal. In the case of SCN and I the inhibition from 
1 to 2 normal is so complete that no coagulation occurs even at the 
highest concentration of the salt. In the case of citrate, acetate 
and oxalate the coagulation temperature rises sharply from 0.05 to 
0.1 normal, whereupon the curve again falls. Obviously this is as- 
sociated with the strong hydrolytic cleavage of these weak acids in 
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th(‘ presmee of ntnnig alkalis, whtavhy there is fornunl mon‘ or \vm 
alkali alhiuaiu whit^h is aot eoagulated by lu^at. 

We liave diseiisstHl tht'sr {|U<*stioiis s<‘paratt»Iy in imlvr that wt* aiay 
(»htaiu a pieiun» of flu* (‘omplh'attal ndatious \vhit‘h also reappear in 
the Cither prciperties of allnimiu. 

Hati aHttjnlaiion iiivolvt‘s two ovc‘rlappiug proet^ssc^s; allnnniii In^- 
eoines iVise/ah/r aiul li Jlinrulttirs. WoLrcjAXcf pAioa and H* Hand- 
ovsivY dcauonstratcHl this vtay simply: a mixture* tif albuiuiii with 
2 normal KSC'X was IhuIchI and a pcirtiem (if it dialyzcnl agaiiisl run- 
ning watt‘r. Tin* eontrcil pcjrtiun n*maiu(*d eh*ar, hut tin* p(»rtion from 
whieli tin* KSt ’X was rt*moved by dialysis showisl markis! tlotandaf iom 

A furihi'r intluema* exerted liy n«‘utral salt upon amplndt^rte al- 
bumin is tin* ehangc* in mrew////, tin* intrrnal friction, AltlniUgh 
Xatd, XaSC’X. Xa;»Stb. t'at'h and KSC'X in vimevnimilum cd tkCH 
to 0.0r> normal raise* tin* viseosity of waic‘r, tln‘y dc*pr(*ss that of 
amph(itf*rie albtimin solution. If the salt eoma*ntrati(in rist*s, tin* 
diminution in the viseosity of albumin may finally 1 h* exe(*edi*tl by 
tin* inen*ast* in tin* viseosity of tin* watei% as (»(*c*urH in faet at (kl 
ncinnal XaC'l and lXHp-^»St)|. C 'loser (ibH(*rvation reveals a far- 
reaeliing pnrnllclimi intwern the intlueinM* (d n<*utral Halts on heat 
coagithUion and risctmUii. 

If n(»n-in*utrat salts, or salts strongly dissoeiatcsl hydndytieally, 
(XaiPCh. XaliC'Ctu Alt ‘I p are allow«*d tti net c»n amphot(*rie al- 
bumin, tin* result is epute diUVreut, since <*v«*n minutt* trac*es (»f ac*id 
oridkali form aeid ar alkali aUannins, wlnc’li bc*huv«* (pute difT(*reniIy, 
m we shall s(*e. HbV/i higher milt concvntratHm tin* albumin is salt(*d 
out (ir !lo(*t*u!ated. X(*utral salts cd tin* olktilis as well as mngur^iiuni 
eaum* a n*V(*rsibl(* Halting ciut su<*h as (Hs’nrs also with salts of tin* 
alkaline (*arths, though after a v(*ry short linn* an irrc*versibie roagU” 
lalion sets in. Sonn* cd tin* salts td the heavy metals eanse an tin- 
mediati* irreversible eoagulaticat. Witli the alkali salts, the rations 
CLi, K, Xa, XH|l do not innterially dilTt*r in their salting out netion, 
btti tin* anions den as may be seen from tin* following table of V, 
IIoFMoiHTHn. lln* figur(*s ri*fer to tin* onset (d turbidity in egg 
albumen rcaitainiiig globnlin but aeeording to la*‘.wrrti apply also to 


ox serum: ^1,4^ 

fti *it» icrr. 

HiMliiiiii rifriifi* , , , , 0 all 

H4.pliUfii tiirtrfife 0 . 7M 

8<«iittfii Miilphiifi*. . . , , 0,S|| 

Hi*4iiiiii itt’i'f i4f#» _ I . tin 

rli!uri»i . :i J'I'i 

Hi.wliiaii liifriitt-* fi. 42 

r!il«*ritfi* 5,52 


Itslic! iinti sulidiof’-yaiiati* do not eanse preeipitation. 
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Acid Albumin. 

There is a marked change in the properties of amphoteric albu- 
min when acid is added to it. It migrates to the cathode as though 
it were the basic portion of a salt; it loses its coagulability by heat 
and alcohol, its internal friction is greatly increased and its surface 
tension diminished. If an excess of acid is added, coagulability by 
acids and alcohol is restored and its viscosity diminishes. 

Sjoquist* was of the opinion that albumin formed with acids 
strongly hydrated (swollen) ionized salts. This assumption was con- 
firmed by the researches of St. Bugarszky and L. Liebermann* and 
of K. Spiro and Pemsel.* It was finally established by Mauabe 
and J. Matuta by extremely accurate measurements on the ioniza- 
tion constants of acid albumin. W. Pauli and M. Hirschpeld then 
established that albumin was polybasic, f.e., behaved like a tri- or 
tetra-amino acid, and that the salts were subject to the normal hydro- 
lytic dissociation, characteristic of weak bases. S. Oden and W. 
Pauli conclude from the rise in migration velocity with increasing 
fixation of acid that polyvalent protein ions are formed.^ 

In a solution containing about 1 per cent albumin, the maximum 
internal friction is reached at 0.016 normal HCl, and falls with 
greater concentrations of acid. Such a maximum is also found with 
other acids (oxalic acid, sulphuric acid), while with others (acetic 
acid, citric acid) a continual rise in internal friction accompanies the 
concentration of the acid. 

Precipitability by alcohol runs parallel with the increase or decrease 
in the internal friction (K. Schorr). 

When amphoteric albumin has been made incoagulable by acids, 
the addition of neutral salts restores the coagulability by heat and 
alcohol. All the salts investigated (NaSOd, NaNOs, Na 8 P 04 , Na- 
acetate, Na-formate, etc.) depress the internal friction. In this re- 
spect, the cations are of lesser importance, the anions being decisive 
in the following order: 

Cl < NOa < SCN < SO4 < C2H3O2. 

Nonelectrolytes (cane sugar, urea) have, on the contrary, little 
influence in this respect. 

Caffein and its salts are an exception, as they increase the internal 
friction of acid albumin (H. Handovsky*^). 

An excess of acid alone or the addition of neutral salt to an amount 
of acid which is insufficient to cause precipitation causes at first a 

1 See also W. E. Ringer, Acid Fixation by Albumin and Viscosity, Van 
Bemmelen-Festschrift (Helder i.H.u. Dresden, 1910), 243-60. 
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rcvcTsihlt^ flocculatuni of allnmuu iu the rold, Ijut with ^roator euii- 
ctaiiratioa (from alnnit. ().(Ki aorinnl up) an irn^vm^ibh* tliH’rulatioiu 
Ih*n‘ also ihv tut ions hnvc an unot|uai iuflutau‘t.\ whirh urraii^ril in 
mi onitT thc‘ n^vta'so of that ohtaiuiiiji: for lanifral alhuiniio nainrly, 

S( >4 < ('1 < NO;} lir < S(‘N. 

This sones^ am>niiu|j^ly, (Uh's not ati;n*(‘ with the othor ono in all 
r<‘S|H‘CtH. 

It is quite* e*vi(iont in tlu* nisi* of the* arul salts that thenr atiion is 
the* ceanhiueHl re*sult of the* ae'iel alhtuniit feerintsl ami tho art ion of 
the* salt itsi*lf. I'ht* preu’esss is, thtT<*fon% {|uiti* rompIiraiiHh 

Alkali Albumin. 

llirrc is a far“rrac‘luu|L^ pnralledistu lM*twes*n alkali atlnunin ami 
ariel albumin. Alkali albumin like* ae’iel albumin is nt)t eneai^ulablr 
by hrat or nh’oheil (e’veui U.tKKi ueermal Nut )H iululuts thr he%Ht re»aicu- 
latieni of amph<»te’rir albumin I ; its visesKsit y is Kre’utly inrre-asesl, it s 
surfare* te’usion eiiminishrd : e*x(*rsse»f alkali n*steire*s thr pm-ipitabilify 
by altmhol anti UKain ei<HTi*ase*H tlir iutrrnal frirtion: it mi^ratrs te» thr 
aneHlr. Si\ aial L. sheavre! that Nat Ml was 

leouucl by allnunin, anti that albumin elrprrssrtl thr frrr/in|^ point e*f 
.HO(ia-lyr. Xoufrtil snlis arn*st thr artieen t»f alkalis; in ronfratlis- 
tine’tion tee ariel albumin it is tfir rations tei wlurli thr gn^atrst siitnifi' 
(’unrr attarht*s, anel, in fart, thr rflVrt eif thr tbvalrnt t^artli alkalis 
(Oa, Sr ant! Ba) anti thr elivalrnt mai^nrsium vrry i^rratly r^rrnii 
that of thr nmimvnlrni alkalis. Though hrat rtiai^nlatitm not 
etrrur at all t»r atlvanre^s tally to a milky turbitlity u-jj., thr e^ffrrt of 
I.2 normal KC'I was eloubtfulb in alkali albumin esmtainiim lam** 
epumtitie’S <if alkalinr salts tlir aleility of alkali alla,imin to rtiaiuilaf*^ 
with D.IHkI normal NaOll is ehauonstrnbh- upein fbr iMhlilion of 
l).<MK)2 laermal C ’aC %*, 

Aelilifitais of nrutral mtlis brinii^; nlnait a drrresaM’ of iutrrniit frirtion 
in a itiannrr analoi^tius te* thiar influrncs* on la^af. r<fa.^.ulattiin, iiinb ite 
fac’t, a smalt aeblithm nf salt has a propeertionatrly nj’ratrr rllrti. 
titan a large* one*. Morrov<a% thr rarth alkalis grratly r.%rrri| thr 
alkali salts in tltrir ability to liimiitish int«*rnal fritUion. 

Tlir salting out tef alkali albumin rreptire’s a grrairr roin’riif ntlion 
of alkali satis titan is rrtiuire-el for ne*utrat albumin: the* iiriMlurl is 
ri*vrrsiblr anil thr aniems are* rfTt*e''iiv(* in thr mmi- (joirr a^ for n«'iitriil 
allniititn. 

In griirral, the* rrlations arr simph*r for alkali albiiinin fliait fi»r 
add albumin. In thr formrr, thry eh*prnd upon fbr f*li*r!rt.ilytir 
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sociation of the hast^, \vhil(‘ in tlu* eiTtain t‘ltH‘tnH‘luaiueal 

factors which ma}* not (iisr(‘gurtltHl play a part. 

If (lilut(‘ soda-lyv (O.O'io iionnal NuiUll acts for a l^ntj iime <iii 
serum albumin, tlu' int(n*nal frictu>n rt^aches a maximum, remains 
constant for a whih* and then diminishes (K. hoHoicuK Isvidently 
there occurs fixation of wat(‘r, swelling, dlie eleavai^e iif tlie albu- 
min molecule is accompanu‘d by flu* formation of less colloidal 
disintegration pnnhicts, and is charaett‘ri/.ed by a dimiimfitai t»f the 
viscosity. 

If from thes(‘ r(‘sults we try to (obtain an idea i»f tine prot*i*ssi*H in- 
volved, we shall find a ustdnl guide* in tin* theory of the ampiinkrit 
nature of genuine albumin proptJs<*d by tl. liitHnni* and extended In* 
Wo. Pauli. Let us think of nlhumin as Iniilt ai’cordtng to the 
structure of a cyclic ammonium salt : 

Nlh 

it 

\ ^ 

X M ) 


in which R n'pn’siaits a complicated organic* ccanplex and tlie ab- 
sorption of water follows ac*cording to the Hehc*mc‘: 

XHi NHiUll 

f ILci^ H 

\ X 

Nxk) Xxk)H 



This is an amphot(*ric (*l(*ctrolyt(* which uniti«s with banen ami inadj 
which splits off II as W(*ll as Oil ions and in whieh the 

Ka (acid dlHsociation) > K» ibase diHMneiaticuM 

in other words, it ht*haves like* a very weak mad. Pure altniiiiin 
consists principally of (‘h‘etricnlly iM*ntra! jiarticli^H hut foriiiH acid 
and alkali salts wliich arc* strongly ioiii^4*iL 
Th(*ri‘ (*xist 


yXIlaOIl 

R ft 

\ 

NXK)ff CXKHI 


li 

\ 

" CXWlXii 


mnitml lilhuinin m-hl ulLijiiian 




That th(‘ albuniin imm an* n>,sjMiiisil»h* for thr iirmt iuh rmil frirtiun 
is to lx* HHsmiH'd from t!if invest itsaf ions of K. I.vm Krn lOit} <>. 
Haokiui* on iilkuli-eiiseinates. Tlie enusi* of thi^ {ihciioiaenmi is 
found in the strotifi: hydration fwnter fixation, svve!liitK> of the nlhu- 
inin ions. AecordiiiK to Wo. I’acu mid M. Swiw the existeiiee of 
polyvalent ions must he assinued in tlie ease of aeid mi.l alkali alhti- 
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lain. Kvcai uHsununii: tlu^ snuilU'st valutas fta* \liv iuuIiH*ular weight 
of ullunuin, the' ejuantitit's of uciti t>r alkali fouiul an* so largo that thoy 
iiulirnli* tlu* fixation of st'vt'ral ac’id en* alkali nueloouli's. lliis oOVrs 
a furtlaa* ('xplanution of tlu* luarktMl in<‘n*as«* in hydraiitm protluooit 
by a(‘icls and alkalis. I'ho stability <»f an albtnuin se»lutioii and its 
pnH*ipital)ilit \% r.(/., by al<*<»hol. an* <lin*c’tly prtiportitaial ttt thi* ntmi- 
b(*r of albumin /aas it (*ontains. I'ho cin'innst unrigs hrro an* t|ttito 
auulogtHis to those* with (*rystalloiiis. Ions tt'ml to gt» into solution 
and to form hydraios; the* saturation fourontrathm of imutral par* 
tick's is jdways i(*ss than tluit of ions. 

In this way, we* may t*xphun the* pnept*rtie*s ejf stremgly itmi^,ctl 
pnn* ac‘id and alkali albumin as (*ontraste*d with tin* sliglilly elissu- 
clati'd ne'Utral albumin. Ilow doe‘s this tht*eiry agns* with the i*tlVri 
of ncidral mits* Wa, Pai iu e*xplains it in the* ft^kaving way: 

/NIhcn /Nlbd 

U f NuNo, * * H I UMh 

An4n\Ummni iiruiml mile ^ few m-ki 

In this way was e*xptain<*el ne»t only the* im’n*Hst‘el ntnnbt*r t»f fna' 
H iems, which 1 m* dt*mtmstrate*ei. but also tin* nuirkesl elindnutiein in 
inte'rnal frie'tion; bceamse* an umplmte*ne* salt, in winch lueth imk»ns 
and {‘atiems te'ud to unuAv about e*e|ually. is but slightly eiiHMtH’ialeHl* 

dlu* actiem tef neutral salts in (tlkttli tilhtiffiin is elitlVre’Ut ; it ftillows 
tlic following He'hcrne*: 

/N I he HI .’NlhKtl 

H I Kd . * H I ItjCi 

Alkiili iiU.usnyi i fifyenimiiti ^ 

Aceairdingly, a coiiiplcx albumin salt was feirimsl fti wliie-h a 
amount, of kmi/adion may be* nscribt*el than te» alkali alfiumiii. 11io 
action eef sidts of the* alkaline* <»artlis follows this si’homr: 

h ! Sih* * U I HsU 

X - I* 

Shh^Si% iHHi 

*1 

Th(> rcplm-finfiit <tf the nlknli itm ia Hu- nirhuxyl uf tin- uiaiiii* 
Kroui) rt‘sults in a waakly ionizi-d «•<lIul.l(•x wlf. Th*- ••ff.-rt on nll.n- 
lain of orj^nnic Iihwh, which an- often highly lovic, ami of ainphoti ric 
(>U>ctrolytfjJ, hav<> also heen stmlicil liy H. IlANnovaHV, ami the n- 
milts agree witli the ahiive selmme. 
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•The conditions governing the action of neutral salts upon acid 
albumin are not sufficiently understood to warrant proposing a simple 
scheme.^ 

The optical rotation of albumin runs parallel with the changes 
in its internal friction and coagulability (Wo. Pauli,*® M. Samec, 
E. Strauss). In fact, the albumin ions rotate light more power- 
fully than neutral albumin. 

Let us summarize briefly: neutral albumin has a low internal fric- 
tion^ coagulates easily and shows little optical rotation; ionized albumin 
has high internal friction, coagulates with difficulty and rotates light 
powerfully; neutral salts diminish ionization. 

This chemical point of view is additionally supported by the 
investigations of P. Pfeiffer and J. W. Modelski as well as of P. 
Pfeiffer and Wittka. These authors have shown that amino acids 
and polypeptids of known chemical structure form with neutral 
salts of the alkalis and earth alkalis, crystalline addition compounds 
constructed on simple stoichiometric principles. Some of these 
molecular compounds are much more readily soluble in water than 
the aminoacids or polypeptids and some much less soluble, so that, 
as in the case of albuminous substances, it is possible to salt some of 
them out (analogous to globulins). 

Albumin and Inorganic Hydrosols 

According to U. Friedemann*^ electrolyte-free albumin is precipi- 
tated both by positive and by negative inorganic hydrosols. Hydro- 
phobe hydrosols such as AS2S3, Au, etc., regularly form precipitates, 
which, according to W. Pauli and Hecker, are not inhibited by an 
excess either of hydrosol or of albumin. Neutral salts, acids and 
alkalis exert a protective action, but nonelectrolytes, such as urea 
and sugar, are inactive. 

In the case of positive hydrophile inorganic hydrosols such as 
Fe(OH)3 there is an optimum precipitation zone that lies somewhere 
between one part by weight of Fe(OH)3 and three parts by weight 
of the electrolyte-free albumin. With an excess of Fe(OH)3 there is 
increasing solution which is complete in about the proportion of two 
to three; there is no complete solution with an excess of albumin. 
Neutral salt exerts a protective action when albumin is in excess but 
on the contrary favors precipitation when Fe(OH)3 is in excess. 
Acids inhibit precipitation; alkalis precipitate when Fe(OH)3 is in 

^ From the formula it should not be assumed that only free terminal NH2 
groups are considered. As the result of the work of Blasel and J. Matuta 011 
deaminized glutin (glutin whose free NH2 groups are satisfied) it is more probable 
that its interior NH groups are involved in the formation of salts with acids. 
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otIuTww ihry rxert n proUTtivi* liction, llytlrtiphilr HtiiaHir 
iiunpinif hytlrc/wcjlH, r.f/,, Hilkiv uriii» tlillVr froiu iKK^itivr hydni^ii!-’^ 
only by tlio pn\‘4oiUH' of II :uul Oil ioiirf which act ojjpoHitcly to thiinr 
in tlu‘ posit ivi* hytlrtjsols. 

Only H small frac’liorii of the albiunin is pnanpitatcil by lty4ri*pht.ibe 
iiuH'ganic collohls; lnitth<‘ gn*atcr portion, and at iiim^s all tin* albu- 
min, is prccipitatcMl by hydrophile hydroHois, 

Ailmmin.H appt^ar tt^ react with proteins t)f /mnmioiw/ ihistoiao 

or ucfV/ cliaraet^a- lib FutKOKMAMN and IL FiiuaH*:xTn.ii4*l jtisf iisdo 
inorganic hydrophilt^ hydrtwids. 

Albumin, Heavy Metals and Salts of Heavy Metals* 

()n shaking sult-fnn* nlbmnin sohifionH with nM*taIlic iron, colcdt, 
copiH'r, k*ad, niekel or altunininin. portions cjf thrso melats go info 
Hointiou niui art* btmmi by allnnnin in a liitherto tinrerogni/.<**l 
form, aetairding to linxnmonxri and Hk\ Kiino-AnvKM. 
KltHirolytt*-«frtH* allnnnin yields no pnsnpitato with mii\ ctipper, 
mtUTury or h\Hd salts, In tin* presimce of salts, lanvever, jdbimnn 
foniiH witli iif thr hntttj mrhtls poanpitatos wh«»so etaunieal roiii"' 
ptisitimi is not etinstant, but tle(H*nds on tta* etimamtratiofi of flio 
components at the time* of precipitation. By precipitating albumin 
with stilutions of heavy metal salts of varying eoneent rat ions we 
gtU *’irrt*gular smiths, “ which fri*t|U<mtty slmw in ‘o »*oia',s ej pfrupr- 
iniim: om* with vt*ry tlilute sttlntions tif the miiat i^alt lone ten 
tlumsamith normal ami nmit*r) ami anothm* with high etmreniration; 
Iwdween tlit*He thtm^ is always a /*one with im precipitation, Hit* 
pri*cipitation m\w with grt*at dilutions of tht* mela! sat! is dm* accord- 
ing t«» IL BKciinonn^ to metal hytlroxhl split oil fiyiintlvUcalh , 
w'hieh pnaapitates witli albumin, forming an insolubli* h*‘avv mefat^ 
idlnmiin eompoiimb Hie resolution of this pretdpifate at •■«»iiirwii;:ii 
grimtiw eoncmitriition of m«*tal salt results from iuntmtum, W. 
Faui 4 anti ffia^EiOi have sliown by very etmvinciiig rx|»u-ifiicitt.">i 
upon tlie action of Fedi on albumin that a stilubh* f«*rric mn-albiiiiiiii 
eoiiijilex occurs sommvhai in accorthmee with the following ’ichrmi^ 
[xFc*(C protinnl -b|/FeCl.i - (,rFidt>!l)i*proteiii|f/Fe t 

l*pon ndtlilioii of more FeC 1j, jmi as when aciii im aihled to mad 
albumin, iiartial neutndi/.ation tieeurs and tht*re is furtbrr priTi|ii- 
tatioii. I H fgC ’L behaves likt* FeC as do alsti, to a criiiiiii 
AgXCb^ Ziti^Fh and BbfXtL)^. thi the otlim* haiitl. thr prcripil iilio- 
(iiHupjM-Hrs with hiKluT nmfciitrHtuni itf i'dfi, ;ui,! If«ri,. 
hitt'ly tu» jtrcdjiitiitc is fitriticd with idlmmui uiul thr 

fhlt»ri(ifH of Fi-", f ;>5". Mt,", ( M". 
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Globulin. 

Those proteins which are insoluble in pure water and soluble in 
salt solutions are called globulins. They are constituents of the 
blood serum, eggs and milk of animals. They occur in other organs 
in traces, thus, c.gr., thyreo-globulin, the iodin-containing protein of 
the thyroid, is a globulin. Large quantities of globulin are found 
stored in the seeds of plants. A seed globulin, edestin, has been 
obtained in crystalline form. 

If serum is dialyzed against pure water, globulin will be precipitated 
as the content of the dialyzer cell (globulin) parts with salt. By 
ultrajUtratioUj H. Bechhold*^ was able to separate globulin from the 
common salt holding it in solution. Globulins are also soluble in acids 
and alkalis. If globulins are kept undissolved (e.g., dried or sus- 
pended in distilled water) a change occurs ; they lose more and more of 
their solubility in dilute solutions of neutral salts. Like the albumins, 
globulins are amphoteric: without the presence of salt they have no 
definite direction of migration; in the presence of traces of alkali 
they pass to the anode and in the presence of acids they pass to the 
cathode. According to L. Michaelis, an H ion concentration of 
4.10“® is the isoelectric point for serum albumin. According to W. B. 
Hardy, a given quantity of salt-free globulin is dissolved by an 
equimolecular quantity of strong monobasic acids (HCl, HNO3, 
monochloracetic acid). The weaker the acid the more of it is neces- 
sary to dissolve the globulin. About twice as much sulphuric acid, 
tartaric acid and oxahc acid, and three times as much phosphoric 
acid and citric acid, is required than of HCl. W. B. Hardy concludes 
from this that globulins form salts with acids which in the case of 
weak acids are greatly hydrolyzed. 

Bases act in a manner similar to the acids, with the exception 
that NH3 dissolves as much globulin as NaOH. 

Rise of temperature increases the hydrolysis, i.e., globulin, dis- 
solved in an amount of weak acid or weak alkali just sufficient to 
give a clear solution, becomes turbid when it is warmed; however, 
the process is not completely reversible. 

It was deduced from the conductivity values of alkali globulin that 
globulin is a pentavalent acid, and from its saponification with 
methyl acetate as well as its action in the inversion of cane sugar, 
that it is of a more strongly acid than basic character. This is also 
evident from the fact that the conductivity of its acid salts increases 
progressively more, when diluted, than the conductivity of its alkali 
salts. The preponderant acid character is also evident from the fact 
that litmus is reddened by globulin. 
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LVJ 

Ah in thv caHi* t»f lillnuuin, tlu* tjlnimliN jirv rr^'|KiiiNi!4f lur tin* 
inivrnttl /r/rfi'iw. lluuigh \Uv iati'ruui frirUuu tif m miitrMl 

Hults is hnv. it is iH»usitIrral»iy hi^da’r in thf iuni/nl -tiliilitut*^ iH’inirriiti.^ 
in urids t»r alkalis; thr visru-^ity is hi|^lii-Nt in iht* c4 alkali 

Hultsiif i^kihuliiis wliifh art* ioui/.tMl must struni^y anti Irasf !iy ilruly/.rtL 
Tha visf*«isity nst’S di*^pn»|iurt iouatrly witli 4’ontTatnittiiii in laii, 
thr iiifnatst* ft»r alkali |»,ltilM4iii > fur at'ki gkilndin » tV*r iiriitral sall- 
glohuiiii i\\\ Ik liAHav^-a 

W, Ik Ikiuav liiva.H thr fiilknvin^ viM‘ti.!^itv vaUa*H ftir 7.*VJ giin 


gkihulin par iiUan 

\Vii!«*r I 

, , , -I tVi| 

Itt , , . , . , la 5 

XnHH'ijjMktiha tiiktl 

!!«* tlarivril thas«* v«‘l«Hatias fur i^luknlin inn i; 

Arat tr JM’ld 'KlMliUllU . . . ^ ',,!a " In * riij, |srr nrt'Mjpl 

IH ...... pi . In 

Xiii >1 kid«»kai}n 7 7 . pi « '■ *• ** 

W, !i. II..\Uin ra|i;anl:-* Hilutintm nf in iinilrnl .'.tilf.i iis 

nukaaular rniuhiuat inUH, stnra. in auntrast lu' ;Hnluliuii'’ in alkali", nr 
a.aiils, tliay nra thrinvn »lu\vn np<»ii tlilufiim. tl ran ha niatrr-'tuiit! 


frnin till* tlutninant aai«l aliaraatar nf nk4»nliias tlial a itnilral ".alt 
Mnlutinti nf ulnhiilius i-^ praaipitutail hy naiil"., *rhnn|,.^h allu’ili i^^nhiiliii 
snhitiniH ara pannanant in llta prasanaf* nf naulrat ’salt's iiai*i 
lin.H ara praaiintatad l»y thmin 

Aai’nnlinp; In W, U. Haupv, mrum mnlains n.ii ifjnhuliu inias 

If aaruni i-H kap! warm fnr a kmi* timi* P'.*/., V! hrluw it;i 

aniiniilatinii t fiiiiii’ral nra, tlia amnnui nf i^lnhnliu is inaraa'S'ti al tlm 
aKpaiisa of tin* nlhinninnus pnrtifiu tXIniaAn This fnriiiatinii ni 
glnhuliii is aithar impaiiiHl nr antiraly stiippat! hy ‘salts. 

** Arliliaial i^lnhiilins’^ is tha ila.^iunnt inn <if tla' siih-.f anai"". prr.. 
piirf*il fmiii ag|^ alhiiiain hy AMmh Ih- fnitml that wtirn 

lia aihliii In ag|^ alliiiiiian a ataiain i|nantify nf a snlnfinit nf a s-iilf nf 
a liaavy inafal ZllSt h, /an'XUs-, nr ^ pnsjtiva anllniit n'lflkiiihil Is-a 
thi* raHiiilini^ praaipifafa was msnlnhh- in ualar ami in "i4iifiniiM nf 
nniiahaimlylas, hiif, nn tha aniitrarv* it W'a'’> snlnhlt^ in ".nliit ini}", nf 
salts fra/,, XiiC T C *afXt hhi nta.k Wifli faat’^ in iiiiiai, ««■ nrsi 4 

fain.Hiilt*r Ilif* siiic^aslinn liiada hy A, Mwi-ai tliat ylnhiilin". an* rnin.. 
pk*.xaH cif iithiiitiiiifi (|Ris.sih!y with ntliar pmsitava .aiillnnisj. 
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Fibrin. 

Fibrin is the subslnnei^ of bhxHl plusniu, whi«‘li eoaguliiteH shinily 
after the blood has l(‘ft tlu* vt‘sst‘ls. r|Hjn tht‘ elottiiiK of iduHiiia. 
which contains no blood (‘orpus(des, no jelly is fonitiHb but churaeler- 
istic fibrous masst's. Formerly it was tluai|jcht that uiicouKulated 
fibrin, called fibrinoji 2 ;(*n (st‘e p. 2iHH, was sjuniUhing quite tliflerenl 
from fibrin. As a result of tin* inv(‘sti|i:ati<ms of tiis |Mmdltli> 

that fibrinogen is the hydnistd of alkali fibrin. If fitu'in is t|is>iiilv«ai 
in extrenu^ly dilute alkali W(‘ obtain a fluhi having all thi* propertii^s 
of fibrinogtm. X^ormnl amgalaiit^n outsiile ttit* l»lood vessels as well 
as the n'sulting |)roduct must 1 h‘ sharply dilTereiitiateri from Jihtiu 
coanidaled by hetd. Fibrin <*oagulatt»tl by heat i*eas**s to show t!ii' 
swelling phenonuma it possesstal bebm* it was h«\aO‘ti; it has bet'oiue 
hydrophobe. Wlien eoagtdat«ah fibrin is an irreversible gel. In 
\V(‘ak arid ami alkalis it swells and gradually gi*es into stdiition 
following, as it doi‘S scu tin* same laws as dtH*^ gelatin 'see p. lis. 
et m/.). Mahtik lb Fisouku’*' has .studiisl its .^welling umler the in- 
flueun^ of a(‘i(ls, bases ami salts, and utilmtal his results for his theory 
of edema (se(* p, 22.'i, et sajA 

Mitsele (dhumia or fhe eoagtilation of \\hieli at «leath 

causes rigor rnortiSi luFmgs to the same group as fibrin. 

Nucleins. 

Bade sulwiances have beim prepanal fnun eell luirha; hidime 
from the leucoeyb'S of tlie thymus, fisli roes, ete., ns well a-n /iro- 
tamin(\ so thoroughly studied hy A. Ktissra. ami usunllv obfaintal 
from tlu* spermatozoa of several ililTerent kinds of fish. I1iey ilo 
not exist as such in these organs hut occur in combiniilinii with aeiil 
nucleins as nudvo-pmteinn and nmdmdiidom\n. 

Neutral solutions of histone yiehl a preei|itt.iite eoiitaining very 
little salt with solulums of egg alhumtn, eaman ami seriiin globtihin 
Wlien wo roaill that casein and glolmltn are of decidetl arit! reipiiitii, 
their union with basic* histoni* is ipiiie easily uiidersloin!. A prn$ri, 
it is iraprobaldts that the i-ireeipitate should eonlaiit I fiart Itinioiie, 
2 parts civsein and globulin ami I part t*gg albtiitiiii, ns has beett 
claimed. It has htsm shown hy l\ VmnmiMASS nnd II. 

THAL* timt imcording to Ihi* ndative coneetitralion in wliieh miliitions 
of histone and albumin are mixed, the precipitate will vary iit 
position; that the addition of Na<1 changes the prisupiliitioii liiints 
and that fresh solutionH have dilTf*rent pr«*ci|iitalkiii than 

older ones. All these facts jaiint with certainty to ttir* fuel fliat- 
nuchun is not a definite chemical eomlaniifio.ii, Itiil niichdiiH are 
colloid compounds consisling of n negniivm ami a meiifive eolloiiL 
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Albuminoids. (Scleroproteins) 

Though the organic framework of plants consists of cellulose, 
that of animals is formed of nitrogenous substances classified as 
albuminoids. Like cellulose, they are very resistant chemically to 
foreign influences, water, salt solutions, acids and bases. 

The most important of the albuminoids is collagen j derived from 
bone, cartilage and the fibrils of connective tissue. On boiling with 
water,' it swells and gradually dissolves, undergoing hydrolytic cleav- 
age and forming glue or gelatin. Gelatin, which has been the subject 
of the most important investigations concerning hydrophile gels and 
from which the whole class of gels take their name, does not occur in 
the organism at all. The most important data concerning it have 
been given on page 68, et seq. What has been said, especially in 
reference to the preparation of a solution of agar (p. 137) holds for 
gelatin as well. It should be recalled that acids and alkalis greatly 
increase the swelling of gelatin. The swelling capacity reaches a 
maximum with increasing concentration of HCl (0.025 n) and KOH 
(0.028 n) (Wo. Ostwald). We thus find an absolute parallelism 
between the swelling of gelatin and the ionizaticJn of albumin (see 
pp. 152 to 156). In excellent agreement with this is the fact that 
the minimal swelling occurs at the isoelectric point of gelatin, namely, 
with, an H ion concentration of 2.10'“® (L. Michaelis, R. Chiaei). It 
must be emphasized especially, that a very dilute solution of gela- 
tin depresses (according to G. Quincke) the surface tension of water 
12 per cent. The solubihty of CO 2 is very considerably greater in 
gelatin sols than in water (in contrast to other hydrophile sols) . 

Compared with other colloids (serum albumin), gelatin lowers the 
solubility of easily soluble electrolytes and increases that of those 
soluble with difficulty. The following are the figures from the in- 
vestigations of Wo. Pauli and M. Samec:* 

There (ii^^30lves in lOO gm water + 4 per cent gelatin +10 per cent gelatin 


iAmmonium chlorid 

. .. 28.49 

27.55 

26.48 

Magnesium chlorid 

... 35.94 

35.22 

35.13 

Ammonium sulphocvanate 

. .. 62.46 

61.46 

58.92 

Calcium sulphate 

. .. 0.223 

1.5 per cent gelatin 

0.295 


Tertiary calcium phosphate 

Ca3(P04)2' 

... 0.011 

0.018 


Calcium carbonate 

. .. 0.004 

0.015 


Silicic acid 

. .. 0.028 

0.027 



The solidification and the melting points depend greatly upon the 
previous history of the gelatin; the longer gelatin is warmed the 
less it tends to solidify. Upon heating a 2 per cent gelatin solution 
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to 100° C.j the relative internal friction (according to P. von Schroe- 
der) falls from 1.75 (at the end of one-half hour) to 1.22 (at the end 
of 16 hours). Possibly this is due to the increasing hydrolytic cleav- 
age. The following figures give some idea of the relations: 


Content per liter. 

Solidification temperature, ® C. 

Melting temperature, ®C. 

Grams. 


-• 

1.8 

< 10 (Rohloff and Schinja) 


2.5 

0 (S. J. Levites) 


50 

17.8 (Pauli and Rona) 

26.1 (Pauli and Rona)* 

100 

21 (Pauli and Rona) 

29.6 (Pauli and Rona) 

- 150 

25.5 (Pauli and Rona) 

29.4 (Pauli and Rona) 


These solidification temperatures are markedly shifted by elec- 
trolytes and, in fact, the anions have the greatest influence, whereas 
the cations are of less moment. 


The solidification temperature is raised by ) 
The solidification time is shortened by ) 

The solidification temperature is lowered by 
The solidification time is lengthened by 


SO4 > CH3CO2 > 
tartrates. 

I benzoates and salicy- 
lates > SCN> I >Br 

I > NO3 > Cl. 


The following data (from H. Bechhold and J. Ziegler*^) serve 
as an example: 


Molting point. 


10 per cent gelatin 31.6 

10 per cent gelatin + 1 mol. NaCl 28.5 

10 per cent gelatin -}- 2 mol. Na 2 S 04 34.2 

10 per cent gelatin + 1 mol. Nal 10.0 


Nonelectrolytes also influence the melting point of gelatin. 
Glycerin and sugar (mannit, cane sugar, etc.), in contradistinction 
to agar, raise the temperature and increase the rate of gelatinization, 
while furfurol, urea, alcohols, resorcin, hydrochinon and pyrogallol 
lower them. Nongelatinizing colloids have no influence on gelatini- 
zation. 

The following figures from H. Bechhold and J. Ziegler*^ serve 
to make this clear: 

Melting point. 


10 per cent gelatin 31.66 

10 per cent gelatin -|- 1 mol. grape sugar 32.25 

10 per cent gelatin + 2 mol. glycerin 32.17 

10 per cent gelatin -f 2 mol. alcohol 30.0 

10 per cent gelatin + 1 mol. urea 26.3 


Precipitation of the gelatin sol must be sharply differentiated from 
gelatinization. Precipitation is induced by electrolytes, whereas 
nonelectrolytes usually interfere with it. Precipitation corresponds 
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rnthrr tu salting i»ut, wliic'h. w'<* may ussiimt\ iwTurs in thn vim* 
of orystalloiii’^: it tmiy bi‘ iuiluntnl not only by i‘ItHi.rolytr.‘« wtiioh 
raist» tht* ninlting |Hitnt of tla* gi*l. !mt alst* by fhtK^n wliii’h i|i‘|ir4‘ss it. 

PnH*i|ntalicjii bt‘t‘omt‘s oviiUait at first ttirongh a turbidity wiiirh 
may bo sutlicnmlly niarkod to givo a tiaumious golntiii and a 

mtm* limpid atiuotms pliaso. In pnanpitatiims, also, tlio tininn^s Imvo 
tlHMlf’tormtning inflmairo, tlunr proripitatiug olTort b»ang arniiigtsl in 
tlio following onirr: 

St )| C'itrato “■'* I'artrato > Aootatt* > I*hlt»rid. 

Iiiorgnnio hydnisots brhavi* qnnnlttativoly toward gidatiii t!io 
Hama ns toward a.llHimiii tsoo p, lotU. 

Ilia snrlliUij inul t>f gala! in rabaa'tal to oti jiagt* tlH, rl m/., 

art' eliaraatmistia for nil alnstia gils. 

Ac’aording !<» J. llcArnn and b'. Komaat thara agists a paralliliMm 
la'twaan tla* swalling, dtrinking. soltdifiaa! mn and mall tug potnt «»f 
gala! in wlian it is mi\ad with othar Mubstattaas, 

Ilia tinatorial proptii ia>i of vht iiiv and thair ahiaf anioUituont , 
a?riA'//a, ara battor known than fhiar othar tmlloidal pro|iartia'^». 

I'o tha in va.*«»t igat ion.^ of P. t ». Pwa and b. ttononicr/, waowaotir 
kuowlailga of tfia kmiUnr,^ thf’ hontij siiifsiuNVvs aom|aa4iig 
hair, nails, laiofs, horns, faalhars, ata. t liamiaat stmtiaM of fhr*si- 
substnms‘s ara vmw ditliaiilt baoansa !h<\v ra.‘4st rtiMniaal ntfaak, 

Wa sltall manly inantion tho ramaining albuminoids, .v/aiaiini, t hi- 
st rnaturul su|iport of ordinary .^|>oiiga. r/aaia/oal bi , ttia framm^ork of 
imissals anti snails jmd fmlhi*r, tha a group into whirh 

almost all imalasstliafl profatns ara thrown. 


Nucleoalbimains. 

lliasa proti-iiiH, lika Iht* albttmins, ara digasfad by la^iisiiilivdro- 
alilorir arid: tliay dissolvi* almost mt traly, but at tha sum** lima 
Hplit olT an almost insohibla ph*»sphorus»aontaining ta*iiipta%. llta 
cmriii of milk, tha viirilhi <»f agg yolk and p<alia|a4 also irijuiuin and 
rrgrtiihir emria ara nualaoallmmiits. It rtaiiarkaldi* that iiiitong 
tha phosphorus-aoiitiiiiiing pn»tains obtaimsl from ^aail-^., thara shiuild 
ba savariil thill ara solubla in ahaihol Ci///udia from n-raal grniits luiii 
zeln from aornb Baaimsa of this, it is a *|U**stion Imwavar, wliathi'r 
thay ara nlatad to aasain. 

On iiaroimf of its iiii|M»rtiinai.% rnsrln has baaii most aitt*ia4arly 
illv«*stigafatL III milk, aasain a^cists as a suit biiiitad to liiiia ainl 
alkali'l iirid, baing dissotvad. axhibits profound tivdnlvfia ilisoiriatiuft. 
Casian may ba thrown otif of solulion hv tli*^ aditili-oit of aaid'^i iir rrii-. 
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Bill, yet the eaHeiii by th*' adtliliun ui nvuU and that ntifninnd 

by reuuin are Btd identieal. FiirfhtTiiii»r»\ enHrin iitay !*§• M'lianilnl 
from tia^ eryntaiioiti **f luilk by uUrajlUridii^n dl. Ili:riiiiiii,t> 

and by irnirtfugiiiitm ill. Fuirjins'niAL^d Wr uri* iinit'btrtl to F, 
LAat^Kini aiul O. SAOKtit* a.^ wtdl h.h T. U. .whu a 

bibliography) for tluM*xliau.'^ti%"r t'hr-iiiiral ni.Hiin iiimii whirli 

we liast^ cnir remnrkH. In wnirr. etiin|i!r'i*'l\ iiiHtiluiili. mjij 

deeidedly aeiiL A pi«*eeof ea-’^inii hIiubh damp blia* titnniM pniur ml. 
Aeronling to L. tho botdt-rtrir jii*int omirM niini ihr II 

ion eoneiailrntion in 2 . 1 b y '^iibi!i!*‘ in watrr with 

alkalin and alkaline earths, Onn grain 1*1 ra^^rin biiidn h,h| r.tv. | ■ m 
norma] alkali (using plienHlpbthahafi as an indieafure Fniin iIiih 
the eombining winglit of eamdii I Ida, and a riirmiiun mnliijili* <,f 
tins 18 ilH nmleeiilar weight. F. Fami i-a'ii and * t 1,^1 n dednn-d 
from tilt* eomiuetivity of 8 odiunio*iOi<*in ^^uhition uitli inrrea.^iiig 
«lilution, that eiisein was a tetrio or brAafeenr and and that . !fieri*fori% 
its moltanilnr weight lay Iteiweeii lain and 'ft |l. lloio iirHu.v^, 

m a n* 8 ult of his invent igattoir?^. eome^^ !*i tbr laiiiirarv eonrlm^iitn, 
that only a simjtr ei.irl*o\yl gomp i^ avadaldr bir miinii wpli a ba^e, 
W. VAN Dam* lias invi^stigated the diimiintion m li inn I'oneeiif ralinii 
of laetie aeid solution Ufimj iidfling vmrm and eonehide^^ from it, that 
a basie group unites wiili four reptaemble H atones in a rasein mole* 
■cule. 

In Hohition, ensfin suits nre fiydrolytieally *li'ea*riiitrd and, in 
faet, it folknvH from tin* following *‘\permiriii iloit niarin aiei«ri 
forttiH Hr hydrosol, ,\ lieiitrnl Hilution of eie?*uie ■■'apliinn f^oluiioii is 
aiightly opahwent and taa-oittea elear n\**m Ihr nddiUon of im alkali. 
The Holution of eiiseindiiiie Mills nrr -uill mor*- opah-aa-iii .diirr the 
alkalme eiirth sails are weaker basi*H, 1 diw*'-^ imi 

difTuse tliroiigh piireliineiil; Ihi- ineml^rane npru hmr a dt'iidial 
iiifferiaiei! iti |H.iteiilial siitee the ion has a sfriiiiig leiidriif v in 

diflumn 

F. LAQt^lUll iiml 11, sh*nvt*«! that thr iiifrrinil iie-fson of 

eiiHein salt soliitions iniTeased pr*n.iiir!i*iiiiii*-!y t*i iIp- rlrrioiH tie 
diHHoeiiitbiu iiml Ihiit eiaw dimimifitm id rhaen.lvlir div.iiri;iiii»ii 
WfW fieeoiiipiiiiird hy a diminution of tiiirriiiil frie|b,n. ’Plir rasrin 
ions are tliui reniaiiwible for high inlrrind frieiioii. 


Htmogloliiii.. 

Heinc^kibiri, the enbriiig mnlter of i4*«*^h hm ofih'~ ns-.-iob. hrm 
rtiidied hy P. iloTrA/.r.n It W prisfUiuneiith mnf*‘d f''>r is»||Mi,t.«dir||ii. 
eal mviMiptiim on lieemiiit erf m rotor, eas*^ of rrvsti»lli^itioii mid 
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pronouiiml rt»llinii rlKiraftrr, I'luaiut'nlly, it in rtiini 111.^44*1! tif flit^ 
protein a histcaie* niul tht* irtiii-iaaitniiung roriiiiiiiitiit , htintiiia^ 

which is appurtailly a pyrrol derivutivta 

!iKciU!i>i,n iistnl I {H*r cent heinogblnii aolutiuiin !ti gauge lila 
ultrafilters isee p, !Hth 

Aftcu' liiuly/iiig thn^^ !e» four uiiUtiliH, !ieiu<jglohiii siilulitnis liave a 
ccaahictivity of K 2 tf ■ I X Id K Aftiu* dialy/.ing live iiml a Imlf 
uunithx the hianogkihiu was etanph^tety precipifaletl thoiigh lhi‘ pre- 
cipitatt* dill Hut have th«^ ainurphtnts flueeuleitt eha-rai’ler of uther pro- 
tidns hut was mure granular alt hutigh im erystalliiie ftirmutiuiis ruiilil 
Ih» rtTugiii/snh If tht^ granules were mimvtn! hy tilt ration during !!«' 
dialysis, there W'ns uhiaiiied a re<iilislu optically inactive suliitiiiii 
which sliowinl no particles in the ultruniicroscope. Such a sulutiun 
dui*s not pass through the dialyzing iniauhrata* and euntains particles 
which an* soiui*what larger than ilu^si* of serum alhumiii an deter- 
miuetl I»y ultrnliltratiun. 

Itegarding tla* ahst»rptiuu of it and C h liv liemugluhin see page 
508 , ri scf/. 

During dialysis, tiemugluhin changes to naihtanugluhm. Methe-^ 
muglulan. which is insuluhle in water and neutral .nalts, redisMiI^r-^k 
U{Km the nddifitat of trai’cs alkalis or acids, 

Puriftei! hemugiohiit migrates tci tlte anuile. In vitnv of this fact 
and lilt* relafivel)" high eundtietivify «if a dialy/.ed hemugluhin solution 
l\ liinTAZ /4 assumes that. hemog!ol»in is an hrmtiultihuiiv iiei'd in« 
Holufih* in water, hut whic'h i*\istM in Holuticm as an fd/oili 
hlnaif. Being an amphoteric ideetrolyte it is al^o noluhle in aeiil.s and 
Ihtai migrates to the cathodiy itin H it»n dissofuation far exeerdH its 
Oil ion dissociation. Aeeor*ling to h. MniiAKtUH, on the contrary* 
hemcigkdnn is less acii! than sentm aihumin: it.s i.Hoidi*c!ric 110111!. 
Oecum with iin 11 iim coiieentrat ion <»f hS.Itt 11te viseosit)- curves 
w^tiicli Ih Botazzi** ohtainisl on dissidvtng it in alkiilb and luaits 
indicat-e the ocintrretire of meth«anogl<»hin ions: tht^y riwnihle the 
viscosity curves of alkali am! acid alfmmin. t'oinplelrty diidyzed 
nieihenioglohiii coagutafes at 47 '’- 55 ‘*C\; in fla* pre,He|iee of frares 
of alkalis or acids, anti in the ahmmee id neutral .Halt.s congiiiniiiiit 
fidln to occur tnuui at UM>^ C h 

III ronclusitiii wv shall imattimt the muriuH ami wiMcmd'i. l‘tiey 
are the i*xcreiory pn.Mlucis of ninny glamls mid may he hriefly de- 
scrilied as aiiimat mueus. Hie posses^^ion of a caiiioti) driile in mh 
dilioii to the protein component thstingufslieH them rliemicaliy . 
(*oIIoid-cliemiciilly they also ticctipy an intermisliatr p4,rdtitiii, since 
they lire itol congtilnfiai liy heat hut an* pris-ipitated liv and 

alcoliiiL Becausi^ of t!i«dr acid character they are precijiitateil l»y 
mnds and dissolvetl hy iilkiilia. 
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coLWin.^ IX nmwi.r .ixn mixijcisr 

The Colloid Cleavage Products of Proteins. 

Prot(‘ius imilcrgo hyiirolyiii- I'lcus .ivo' )<> a.-iii-s alkali-; and 
ciwyitii's, Kniin tlii> vi'Cu-ity l■ur\.• r. -.ultinv; Hum Un- !*r..luuj.,.,t 
action of X.aOll un aHnnuin, it i- di dn.'i .l that th.- di .inii'i;ratiun 
of tilliutnin dcponds iijitin tin- aldnmin inn, iSvu.t .. K 

S<'H0I£K). T. H. UuHKursuN ani\.-,l at a similar . um lii iuit fn.m 
stialics of tile tryptic dit'. -lion ..f ca.'..-in, t ml. r th. .. lir.-m,,. 

stances, it is obvious tliat, in K.-nt-ral, fit.- .iig. '.ii,ni ..i' all.timiti by 
enzymes occurs more rejulily in a.-i.l ..r ..ilkalm.- ...Inti.m ii,au in 
ni'utnd solntion where there !ir.- but tVw iilbiimin i.ne.. 

With increasing snlHlivtsion of th.- tnol. i-inl.-. t!,e .itfrii'.ibilily. ete. 
increases, ami tiie pri-eijiitability by n.itfral alts .hi-na . rite 

group of cleavage proiinets, known as .R.thj-,- .,|,,wlv 

through animal membranes, «h> rea.. th. , are n..l t.. b.- .ii^. 

tinguished in this ivsiM-ct from tnn- .-i wialh-i.!-.. rtmt th. \ are 
still to a certain extent eolioi.l. i-, pr..v. .i bv th. ir b.miiim tiltns'on 
tlu‘ surface t.f water nleserib.-.| ..n p, :!:i whi.-h pla.-. . ti.,-in in the 
class of those dyes which li.- mi.hvay b. tw.-.n .■olioid. ami .-ivstal 
loids. 11. Hkcuiium, arriv.-.l at a --.imilar r.- .idt by .. paraimg alb., 
moscs from the remaining flui.l bv m.-am. ..f ulhanlh-.itu,,, , w’h. r.-as 
peptones and the el..se!y tvlate.l deiil. r..alb.m,o „ f tt,.|v ,,ot held 
back even by 10 per cent fillers. 

I he .albuuioses :ind perhap'. al... the p.-jitooe'i are evi.h ntly mix 
tures of mijuerous dilTi-nml sub-.lan.-e-i «t.ie!, hau- not v. f be. i, 
chemically identilied. They an- .i,if,r.ni,ate.l ami ,!a.e4)„d ar 
cording to their i.recipitabiiily by .1. etr..h l.--. a„.l ah ubol, whi.-h 

douhtlessstands in ac.-rtain tvlali..n..hip to th. o^.- ..f ih. ii tm.leeiile-. 

tmd {Mirtidcs and to their ioni/at i.,ii. pag,. | :,2. U% an . ..f nhra 
filters of dilTerent iH-rm.-ability, H, It) , nm.m. -. pan.i. d aibium.,e. 
into •variou.s groups whirl, eorre..|H,nded i., ib. „ pi. . ,j.,tab,l,iv 
Sulijoined is tlie elassiiieutioi, of F. iI,,rMia..i ) u Pn a of il„ le iijt- 
by ultralUtraiion: 


IV|vf..on 0 i . 


»tl ■otintunHmtn I I 

} : , ' J'. 4 

Siii*!) 


I 

I ;?i i;* 


I imi 4 iiri4 I in r|f4 
j X»»f Miff ^ In 



^ ■ I shi .h!.- ";i 

f ■ .if 

^ *'1 Isfl 
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m*rv and largtdy t*iirrir*i! nut hy 

MuuAitU I1ii\v tn :t luttUitudn n! valliHttIn 

It l»t iiii'tilinii ih.'il liv uli ratili rat i«>ii of t hirK'dlaiiiiusn,^ tlirn^ 

wnrn shnwil In bn tttii rnuifMiiinut ^ iif nlivinti-sly dllTnrnlit rhnutiiail 
('iinsf it III iciii ; aitd that in litUrnn and |irutnalbuiniHn at Ina.'^t twn aini 
in tlif* laftnr |»nd»ably nvmi t!u‘»*n “ jirubuHns** ^Imtitd bn an^imind. 

* I h*utf‘rn;i!l«l|IIHi‘)r I.ii H****Mi|j}f liiKh rMltfrltl *tf rinidv Mth 

|i|ltir, l-'i Irniird “ l»y 



CHAPTER XL 


FOODS AND CONDIMENTS. 

Formekly the preparation of food was one of the most important 
tasks assigned to the housewife; nowadays among the middle and 
better classes this duty is almost entirely surrendered to servants, 
while among the working classes the women can give it but little at- 
tention as they must increase the family income by work away from 
home. These conditions have brought with them the steady de- 
terioration of the Art of Cookery. The raw materials nowadays 
supplied to the kitchen from wholesale establishments, e.g., the 
bread, fruit, vegetables, beer, and perhaps even meat, etc., are, it is 
true, of a much superior quality than formerly. This is due to com- 
petition, easier means of communication, improvement in methods 
of cultivation and all the advantages consequent upon production 
on a large scale. The conversion of this raw material into palatable 
meals requires a laige measure of experience, loving care, and great 
interest — which one can expect from neither a twenty-year-old cook 
nor the tired working woman. 

Nutrition is undoubtedly the most important factor in our whole 
social life; if we place the yearly expense for nourishment in the 
German Empire at ten milliards of marks, it is surely underestimated. 
Only a one per cent increase of the successful utilization of food 
would show a yearly profit of at least one hundred million marks 
($ 25 , 000 , 000 ). 

It is hardly to be expected that we shall accomplish this by re- 
turning to former conditions, but rather, in a different way, namely, 
the development of the art into the science of cookery. The kitchen 
will probably adapt itself more and more to wholesale prepara- 
tion, and then there will be men and women who will choose 
cooking as a profession because of their scientific training for the 
work: 

Colloid Chemistry furnishes us the rules for the selection and 
preparation of our foodstuffs; because cooking is nothing but prac- 
tical colloid chemistry. Our foodstuffs consist entirely of colloids 
and their nutritive value is to be judged mainly from a colloid-chemi- 
cal point of view. 
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FiMliiS AXi^ 


Hill 


Very truly Miriitifit’ uork^ h.h yt*t hmi iin.’iiiii|ili.Hliril in 
lilts tirlil; sti tluit mr iuu>t rmitnit uursnlvus witli iiiilirntiug thi* 
prc»l4tiu.* 

Meat. Wliat \vt' rnu^iutii* us '* lufut fur tin* jiurt. 

of iriiisrli* and uimurrtivr tissue %vitli t!ir I t'uf. lu 

juilgitig tin* iiii’ut «»f hi%Hltliy niiiiuul^ its siium- is thr I’liirf rrilf’iiHii: 
ytHUig» wt'lluiuiiri.Hliril iiuitiiuls |ni,H.si‘ss H juiry iiinut uinl tviidvr cult- 
ncciivt^ tisHiir, whi-frus old u'linioiut uiuuiuls urr juicy uiul their 
cuiuiiH'tive tissiie shous :i tinni-r '^trurtune From tlirst* iVw |irriiiisi‘s 
it is l♦vidlii! I lint it u of tnrtjitr utitl siprilintj ntpnniii, 

wliirli rhuiifie with tlii^ is nu iii4|MtrtHiit tHilliud-rliiuiiiruI 
lt»iu. It is still im npvn tjuisstiun whether the Iniiiclieniiig of run- 
ntsdive tissue iiiuy 1*** euitipuri'd to I hi' lii^nifii’ut iuii uf the vusetilur 

Iniutlles Ilf pluiits, wiiieli ui’eiinliiii^ !u ft. Wisijrnxr' s* I, see fip. 2-1!* 
niid 2utli is dll** tu the u*lstirpiiun of eulliiids fruui tip* euuihiut Hup, 

k'n^-sli kill«**l iip*ul is tender; it hf*eunies soft unuin only ii|i*iii the 
tii.Hup|M*Hntiiee uf rii^nr iiiiirtis. Hiis eunditiuipsl hy {ihenuiiiiuin 
of ,Hwi*liini^ untl stirinkinic. un iiitt*resUnj^ up’IIpp! for stutlyini^ np*ui 
adopted h>' th \u\ kViii'U uial 1%. LnrK. d**iilh laeti** aeiil 

neeuiuututes in the lutiseulur tissue, Hiul greatly inereas**s the .hwi'II" 
ing enpueify of the museles I.see p, 2 !MIk If siieh a IliUsf’le is 
plnrt**l in a dihil** khIi suhtiion it swelh up and after ahfiiit 2o 
ItoufH has taken up a ntaximuin amount t»f wiifer of swetting. ‘rht*ii 
Mliriiikiiig oeeurH an thi* result of the progress! v** eoagiilation of th** 
inUHele ulhuiiiin. Up* t^urv** ohtanp*d in fliin iiiaiiiier haw a ipnte 
i’hiirittdeiiMtie Khape di*|w*ndmg on wdiat has hap|«’iied to ftp* iiient, 
Fig, A ,showH ilit‘ eiirvi* of swelling of horse lp*ar! thr**e or h»ur 
iiourH after Htaught**r; Fig. /I. iifti*!* it haa l»*n*n kept d ilaya in the lee 

^ la tills rfiiiiiertaip* 1 H'. J. Cl, .\| . % iipaif pppj Citv«*riiil4y ’'Tlii' t lieiipaf r%'' 

of C 4»iikery/‘ Itv y|.4Triia* Wii.$4awrt, 1 W Wiiidtei, dl 

H|||:ai«.%:s lias lit I»IS hi«tk, " I'lttiil PoHlurls/' ytip'iiiiinip t ■’», , im*y flir 

rrrrpi dalii. IH' niimm **i the liipr, ffM* pre.-iervpf iuin *4 fteteilisihl*' ImmkI-- 
r-if tiffn ilp|iHrl jilp-r . | Ir|iy4riittl||^ |#f'Mr''ea';rs liiidu' ill*’* 

f riiiis|iiiriiti lull i4 liirn** i|ieinfiii«sii4 vegHaliles iit hiipird rurifu n|i.irr, t r, 

\\ Kiciiotii lues iirruuiit ef f!$r fip*t|p#4s iiii4 lifrrnfnfr uf ilti . 

iiiR 1111*1 4rliv4riiiiii|i in \er-\\ U»»ni;iey '* yininiiil uf lii4iiiifi;il l /' 

Villi Ki*»4triiiiik iniH, Up’ prswltpi r-* 4ri»'4 lo' C# If ” iiiip m 

file .\lrs, li|4V|:iC 1 1 4ililiU C‘*h44 lle-iejifrll l4ilMirjlt*»rV iir«' «4 r^ndiriit i|l|!»l|i!, ; 
lire I4|||ii tiirrtiilii ill*' iilil h««l prer-^Muries. Hie ” C} || ** t Irtevdl 4tir-i 

IIh |*n»i|ttrl iti iipipil iiir at n inu4**rpte un*. Ilnini»lif% unU Iriijiirrsitiiie 

fifr eiinf rufit'd, A Imt is |ifiivi4e4 fur rtsarenl-iippi uf ifif mr .-tu i||,ii 

Ptilinliltirra lire kr|if iti I’Mpfsiet l%illi the pr*«llpi im4 lifiiv ii -ifiuill |ir|- 
rnitiiie is liol. Hie |irneimH m tip* reVefsr i4 Mr4ilii*rr tttirii fill 

effort W llilpir to l|io|-i|itfe pipI •iol».-Uiiiirr:*i pj rp|»l4i% ifir 

irtirfiire rtf ||ir |i% f|iiirk hnU IV.j 
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box. In the first instance it absorbs approximately 10 per cent of its 
weight in the first 25 hours, then shrinking occurs. The ice box 
heart, on the contrary, immediately begins to lose water, and at the 
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Hours 

Swelling of Horse Heart 3or4 Hours^Post Mortem 

Fig. a. 

end of 45 hours has lost by shrinkage about 55-75 per cent of its 
water. 

Typical are curves. Figs. (7, D, E, which show comparatively 




30 
Hours 

Swelling of Horse Heart after Cold Storage for 
3 or 4 Hours 


Fig. B. 


butcher^s meat, cold storage meat and hare, which have been kept a 
year at — 10°. In actual practice the method is to weigh morsels of 
meat of as nearly the same size as possible, and after placing them in 
salt solution, at hourly intervals, to determine the changes in weight. 



Hours 
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Naturally a salt solution of the same concentration (5-10 per cent) 
is always employed. In pure water, shrinking occurs immediately, 
since muscle albumin coagulates in it spontaneously. High concen- 
trations of salt, 25-30 per cent, likewise depress the curve. 

New problems arise in cooking meat. If meat is boiled in pure 
water we obtain a ''weak” broth. Muscle albumin coagulates in 
water before heat coagulation occurs and this impedes the exit of the 
crystalloid. Salt is therefore added immediately if good soup is to 
be expected. With boiling ^ heat coagulation occurs whereby the 
meat loses from 20 to 30 per cent of its water. The mechanism of 
this loss is still unknown. We can understand why there should be 
a loss of from 20 to 35 per cent in roasting^ and it would be still 
greater if the surface were not constantly protected by pouring over 
or dipping into fat (basting). 

Preserved meats are less perishable because they contain less water 
and because the muscle albumin has been converted into a character- 
istic gel condition. This end is attained in various ways: In pick- 
ling, water is removed from the meat by the salts of the brine, 
while at the same time there is an exchange of crystalloids, whereby 
salts enter from without which change the albumin as regards its 
coagulability and swelling capacity; and extractives leave it and 
are removed with the brine. Of course very important changes 
occur during storage, so that according to A. Gartner, with in- 
creasing Sige pickled meat becomes more difficult of digestion and 
loses 30 per cent of its nutritive value. Smoking of meat is usually 
preceded by a short pickling process. The abstraction of water in 
this case is accomplished by means of a strong current of air, and in 
the dried meat (penunican) which is much relished in some regions, in 
the Arctics (for instance), there is no loss other than water. 

Naturally, the properties of every gel, materially, depend upon its 
history. To quote a single example: F. Stoffel* (in the laboratory 
of Prof. H. Zangger) found, that the diffusibility of one and the 
same substance through the identical gelatin differed, depending 
upon whether the gelatin was rapidly solidified with ice or slowly 
cooled at room temperature. Accordingly, we may assume in the 
case of meat, that the properties of the coagulated albumin will vary 
with the conditions maintained during coagulation, and that upon 
these depends its food value. 

An essential question in the investigation of sound meat, pre- 
served m^ts and food preparations must be their available food 
value, which^ can be answered only by complicated and expensive 
metabolism investigations. From my point of view this ought to 
be a fruitful field for the colloid chemist, who ought certainly to be 
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in a position to replace with simpler methods some protracted metab- 
olism experiments. I might incidentally mention the methods of 
adsorption and staining which hitherto have not been suflSiciently 
considered. In the various food preparations (whose names need not 
be mentioned), it is quite unessential whether they contain a few per 
cent more or less of carbohydrate or nitrogen, a fact which is always 
especially emphasized in the advertisements; whereas it is quite 
important to know their swelling capacity, and whether this permits 
their complete and rapid utilization in the alimentary canal. 

Milk and Dairy Products. Milk, as a physiological excretion will 
be considered on pages 345, et seq., and there also much is said which 
pertains to its properties as a food material. Here we shall concern 
ourselves merely with the examination of milk. The present-day 
methods of liiilk examination are limited to certain characteristics 
which are especially easy to determine and, therefore, are easily 
simulated by adulterators. Pure food officials lay most stress on 
the water and the fat content. Sometimes, in addition, they de- 
termine the protein percentage, preservatives, and the possible ex- 
istence of disease organisms. Inasmuch as milk is by far the most 
valuable food-stuff, it is of the greatest importance not only to 
determine variations produced under the normal circumstances by 
adulteration, but also those occurring under normal conditions of 
production, change of fodder dependent upon change of season, 
natural and artificial fodder, boiling, pasteurization, etc. Accord- 
ingly, H. Zangger*^ and his pupils undertook to discover new 
methods; in them he regarded milk as a solution of colloids and 
electrolytes, Of the colloid methods, Zangger and his pupil, 
Kobler, have chosen the determination of surface tension, which 
proved to be one of the “most complicated but perhaps the most 
delicate and flexible method.” Among the various procedures, the 
bubble method, in which bubbles are allowed to form in the fluid, 
gave the most constant results. 

Normal milk gave quite constant figures. Inasmuch as by this 
method only such substances have an influence as are forced to 
the surface, these can make themselves evident in the minutest 
quantities. Adulteration with water is not easily detected by this 
method. Fermentation, on the contrary, causes great departures 
from the normal, which are explained by the development of fatty 
acids. The addition of alkalis also changes the surface tension. 

By the study of the viscosity, abnormal protein and fat content 
could be shown and likewise additions (adulterations) which in- 
fluenced the amount of swelling (especially alkaline additions) . The 
viscosity is also diminished by violent shaking, though milk regains 
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through quiet its original viscosity (to within 1 per cent) provided 
it has not been shaken long enough for curds to form. 

This observation was of great practical importance because milk 
suffers violent shaking during transportation. Experiments in which 
milk was carried by wagon, train and post more than three hundred 
(300) kilometers showed that there was no evident irreversible loss 
of viscosity. 

Dr. Grosser, according to a personal unpublished communication, 
has made a very noteworthy observation in the ultrafiltration of 
milk! It was shown that raw milk gave an ultrafiltrate much 
richer in lime than did boiled milk. In boiling, the calcium is bound 
to the milk colloid and remains with the latter on the ultra-filter. 
Thus, a simple means is furnished for distinguishing raw from cooked 
milk. Definite differences exist between human and cow's milk 
which offer a new basis for the difference these two kinds of milk 
exhibit in respect to their assiinilibility (available food value). 

The classification of the milk colloids to which J. Alexander and 
J. G. M. Bullowa have drawn attention must be considered in 
future tests of milk (see p. 349). 

Since the water and the crystalloid content of milk are almost con- 
stant, many adulterants can be detected by the departure of the 
water and the milk content from the normal. For this purpose it is 
necessary to remove the fat and colloid constituents without chang- 
ing the content in water and salts. To determine the addition of 
water, J. Mai and S. Rothenfusser* coagulate the milk colloids with 
calcium chlorid and then measure the water content by refraction. 
Kurt Oppenheimer determines the milk sugar polarimctrically, after 
he has removed the milk colloids with colloidal ferric hydroxid. 
According to S. Roti-ienpusser, by treating milk with lead acetate 
in strong ammoniacal solution at 85° C., the milk sugar is adsorbed 
when the colloids are coagulated, while saccharose remains in solu- 
tion. According to Rothenfusser,* the smallest adulteration with 
foreign sugar (saccharated lime) may thus be detected. 

Among dairy products, condensed milk must be considered as of 
great importance. This is milk which is evaporated with the addition 
of 25 to 50 per cent cane sugar. All who ar('. forced to use it, es- 
pecially colonists, know how ill it satisfies the demand for a milk 
substitute. One of the essential properties of colloids is that tlieir 
condition is not reversible to the same extent as crystalloids. This 
may be, in addition to the destruction of certain flavoring substances, 
an important reason for the lessened value of condensed milk. The 
various dried milk products when stirred with cold or warm water 
^ In a private communication, as yet unpublished. 



FOODS AND CONDIMENTS 175 

give an incomplete emulsion and there always 'remains a sediment. 
The older the preparation the more incomplete is the solution. We 
here approach once more a phenomenon which was touched upon under 
“Aging of Colloids” (p. 74). J. G. M. Bullowa informs me that 
Just and Hatmakur have invented a process which avoids these 
disadvantages and which is already in use on a large scale.^ 

Cream is a fat emulsion which contains at least IQ per cent fat. 
Cream for whipping contains as much as 30 per cent. This emulsion 
has the property of building thick foam walls which possess con- 
siderable consistency. In order to simulate a high fat content, 
potato flour, gelatin or whipped white of egg are added as adulter- 
ants to cream deficient in fat. Calcium saccharate may also raise 
the viscosity. S. M. Babcock and H. L. Russel* recommended its 
addition to milk or cream wTiich has become thin from being heated. 
The food industry has adopted this and, nowadays, .calcium sac- 
charate solutions enter commerce imder various names (grossin, etc.) 
as thickeners. According to Fk. Elsnek, their effect is quite mar- 
velous. Their detection is easy by the method of Rothenfusser, 
described on page 174. An artificial cream may be obtained by 
emulsifying warm margarine with skim-milk and adding egg yolk. 

It is evident from what was said on pages 15 and 34, why an 
emulsion such as whipped cream or the like is so stiff, because we 
know how great a force is necessary to deform spheres of such small 
size. 

In milk and cream, the aqueous colloid solution is the dispersing 
medium and the fat is the dispersed phase; in the case of butter this 
relation is reversed.^ According to law, butter may not contain 
more than 16 per cent water, though it is possible to impregnate 
it with water to more than 30 per cent.® According to Posnjak, 
the addition of alkalis and glucose increases, whereas increase of 
acidity diminishes the capacity of butter to absorb water. (W. 
Meijeringh.*) The kneading in of water is always reckoned to 
be an adulteration, because water is cheaper than butter. From 
the standpoint of the colloid chemist, it has always been a question 
whether the amount of water in butter or rather the content of skim- 
milk does not increase its digestibility and whether it is not the 
dispersion by means of the albumin or rather casein-containing 
aqueous solution which makes butter so much superior in digesti- 
bility to other fats of high melting point; and whether, if the above 
assumption should be proved correct, it would not be possible to 
find a legal way to permit butter to have a greater water (i.e,, skim- 
milk) content. In the manufacture of margarine, skim-milk is 

1 [Merrall and Soule of Rochester, N. Y., spray milk into heated air to 
dry it. Tr.] 

2 [See work of Martin H. Fischer and G. F. L. Clowes. Tr.] 
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added to the fat in order, we are accustomed to assume, to give it 
the taste of butter. It is yet to be determined whether it is not just 
this addition, which gives the fat the dispersion characteristic of 
butter, and thereby its greater digestibility. The darkening of 
margarine in heating is undoubtedly to be attributed to the added 
skim-milk. 

By changing the colloidally dissolved albuminous , substances of 
milk into the gel form, we obtain cheese. Coagulation can be brought 
about by means of rennet (sweet milk cheese) or through acidification 
(sour milk cheese). In cheese we have an emulsion of fat in a protein 
gel; whereas in shim or sour milk cheese (kiimmel, Harz and hand- 
kase), the amount of fat is only the small amount afforded by skim- 
milk; it is quite high in the fatty cheeses (cream, Swiss, Camembert 
and Roquefort). 

A process of great interest, as yet uninvestigated from the colloid- 
chemical standpoint is the ripening of cheese. Through the action 
of bacteria there occur changes in the structure of the cheese which 
are specific for every variety and which cause the spotted appear- 
ance foxmd in the various kinds of cheese. 

For cheese, chemical tests are limited to the determination of the 
water, fat, albumin and salt content and the possible adulterants. 
The most important, namely, the swelling capacity in the presence 
of the digestive ferments, is nowadays entirely ignored, although 
this would furnish the simplest method of deciding the important 
question of the digestibility of cheese. 

Honey should in the main be composed of sugar; it is neverthe- 
less frequently adulterated with glucose and dextrin. My opinion 
is that tests of the surface tension of dilute solutions would lead to 
the detection of such colloidal adulterants. 


Flour, Dough and Baking Products. 

The examination of flour, in addition to the microscopic histologic 
study, extends to its doughing and baking properties. These two 
questions belong entirely to the province of colloid chemistry. 

Art is in advance of science in this matter. There exist the most 
diverse methods for discovering the presence of foreign substances 
in flour and for distinguishing its various varieties by determining 
the temperature at which it becomes pasty. The baking capacity 
in particular, which is intimately bound up with the swelling capacity 
of the gluten, is applied colloid chemistry. The more glutenous the 
flour, the more water it binds (38 to 60 per cent) and the greater is 
its capacity to be kneaded. 
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The appanuiLs for thin tU‘termiuutioii» es|)eeiii!ly tlmt ui* Lro 
Likukhmann, lutwures the expHnniou o( tin* ‘'tluiighetl up’* Hour 
under tlie influtuiee id' lu^nt. 

I nuwt nut tnnit ti> stuti' ht*re, that thair wluiSi^ InikiiiK i*Hpn'eity 
luis sufTiU'iMl (for instu.nei' by ovi‘r“lu‘Htiu|^ the ghitiii in i^riiiiiing^ 
may .n‘stt)rt‘d by tin* adtUtion td* eonmuai salt, planlrr ol parin, 
watiT and ahiiii. 

What han bt'tm Hai«! <»f fUnir upplieH alni) t<» prtjmml Jh^ir^n and bi -^ 
fitnt fiMiih. In tht‘ la.tti‘1% in adilition to tla^ pn>per i*can|H»Hifioii, ea^e 
of dig(‘Htion and tin* propiTty <if previiiting eunly eoa|^nlati<»ii id 
milk in the stomaeh must bt* eouHidered. It nhoulil be deteritdiiinl 
\vlietln*r a part td Iht* iUirnnilt ami i^iunplirateil mtdaI»otiHiii ex- 
pcunmentH etniltl iu)t lu^ nubstituteil by Hiinph* tej^tiiii^ aeeiirdina ti» 
suitable eolloiii-idiemieal undhiHis (swelling, idi’.i. 

In thi* invi*Hti|i;atitJn id dmpih, vuipdoutjh atul prrpamt prtHlmiti 
(bnwb UiKMlles anti maeartnub there tieetirs a pltenonientm whieh is 
vc‘ry sup;gi\stiv<‘ td a similar tjeeurrtmet* in the east* id ndlk fsee p, 
Tin), namely, that (un* eaunot reetiver the tpiantity of fat pn^seiit in 
tlu‘ oniii;inal Ihnir by means td ether extrae!it»n. atat intleed, if would 
be intert*Htinic tcj detia*mint‘ htnv tin* atlsiirpthm <d tia» fat ctetnirs if 
tht‘n^ is any utlHorjdion. In this eonneetitin w«* may eonsiiler Ifnit in 
the eam^ of prcntuets math* td t‘gK*»d«nigh, wv distinguisli lietween frrr 
ItTithin ((‘Xtraetible with tdlter) anti hmuid It*eithiti lextruet ilde uith 
alcohol}, l^erliaps lu*n% toti, it is a <|ta*stion td uds«trpliom 

Nt^xt to milk, hmtd is tnir narst imfHuiant fot»{if*»t utT. Hrmd mnkum 
may he britdly mentiontsl hen*. Bread is prepared fnan lltiuri whieh, 
if it w(*n* ctaistmied diretdly tjr maile into a paste, wtadd Iw* I»adly 
digt'sttni beeattsi* iht* fhatr grains pii>ist*ssi»nly a small swelling rapacity 
and tla* surfaet* t!t*vtdt»ptm*nt td tin* entin* mass is very small. Tin* 
making td bread n*iidt*rs tin* indivhlual parts t‘asily acresMtlde !§» the 
digestive jtucc*s« Vm this purpose, tht* dtaigli I flonr mixed with waferi 
is causetl ttj fermt*nt by the utidition cd ytaisf or stair thuiglt, a 
nwdt, tlw stareli grains swell burst ant! take tip water, n jsirtion is 
convt*rted into tlextrin, part td whieb is still further firokeit tiuiin 
into sugar, alcohol aiitl carbonic acid gas. By ftamt foriniilioii. 
tlie carlioiiic mad gas caustxs an taiormous increasi* in the .'airfaci* of 
iht* mass. Incidtmial fermtaitative prt»ceast*s give the gluten, the 
plant albumiig tlie jiowi^r tti swell tip. This condition is eoiii|4eted 
anti to a certiun exftmt lixtnl by baking. The dextrnn/.atmn id the 
starch is thus com|)Iet,tHl tla* dt'Veltipmen! td surface m merrirMnl bv 
iht* miverKbn td the wa;ti*r into sft*am ami th*» t^xpaitsioii o| the 
carlHinic acid gas, the gluten is coagulateii mid fuiifii^r ehaiiges an^ 
»top|ssl by tin* killing td tin* ft*rmt*nting agents. 
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Ultimately we obtain a framework of coagulated gluten whose 
pores are filled with shattered starch grains. 

The crust, which does not swell much, acts as a protection 
both against the absorption of water and its loss from the interior. 
A good bread should contain from 35 to 45 per cent of water. 
Upon keeping, it loses about 1 per cent daily until the loss reaches 
15 per cent. After that, the water content is dependent on the 
humidity of the atmosphere; this corresponds to the behavior of an 
elastic gel. It is interesting to note that the salt content plays a 
role in the condition of swelling, because unsalted bread dries much 
more readily than salted bread. 

There is a widespread error that stale bread has lost water and is 
dessicated. This is not true; the crumbling consistence of stale 
bread is due to a shifting of the water within the loaf; the starch 
grains transfer water to the albuminous framework. J. R. Katz 
studied this problem and found that bread kept fresh longer at 50° to 
100° C. as well as below — 10° (best in a current of air), in other words, 
there is a balance of swelling in starch and gluten which corresponds 
to that of fresh bread. At from 0°-25° C. stale bread is the stable 
form. Staling is a particularly reversible process; dry rolls are made 
fresh by heating them. This is an old expedient frequently employed. 
The results of ELatz’ research on keeping bread fresh at low tem- 
peratures deserves the attention of the trade. 

The digestibility and available food value of bread depend par- 
ticularly upon its ^dispersibility” and swelling capacity. 

A perfect wheat bread may be utilized to the extent of 94 per cent 
— a rye bread to 90 per cent. For this purpose, the flour used must 
be as fine as possible, otherwise the utilization is imperfect. It must 
also be properly swollen up; fresh bread which is too wet is digestible 
with difficulty. It packs together and the changes induced by the 
incorporation with the saliva and other digestive juices are differ- 
ent from those with old or dry bread. Most difficult to absorb are 
the proteins (55 to 85 per cent). The great heat (in the inner parts 
amounting to 110°), acting in the presence of a small quantity of 
water^ produces a coagulation which greatly reduces their swelling 
capacity. 

The grain shortage during the war caused the attempt to make 
bread from potatoes. Potato flour yields a heavy, indigestible mass 
when heated in the way usual for ordinary flour. Different attempts 
were made to overcome this. According to A. Fornet, the Ex- 
perimental Station for the Utilization of Grain mixes in an unknown 
gluten substitute. Wilhelm Ostwald recommended blood or 
casein dissolved in ammonium carbonate as a substitute for gluten. 
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WAi/rEU OsTWAU) and A. IhKUKL iiuula a pcuAHis Htareh hrtnitl liy 
at It liiig U: starch i)a.stc* ttrtla^ starch dough Indon^ !»nkirig. A '*pst»udiH 
t’oagulat it)U occurnal tluriug tla^ liakiug, tht‘ uidairst starch grains 
abstract iiig watta’ froui tla* hurst o!u*s. 'rht‘ inttaiial friction of tla^ 
pastt^ btHaaias so grt‘at tha.t th(* air huhblt‘S caniad i*srap'C during 
tht‘ baking pnictvssj the ihnigh dt)cs nut full but is fixtal as a ftatm, 

[la tlisrassiap; tlu' physical chtaaistry t>f hmitl lanktaic, K. J. ('otix and Ji. J* 
IlH.NaKUSON iScicnct*, N(jv. 22. ttUH» p. aUt, rt ctaichidc thal '*flic acidify of 
the daai^h, at jhc time of Imking, st‘«*ms to Ik* tlic iuohI important variable finior 
in bread nmkiiig/* Hcjlubh^ sentm protein is an aret*ptable physieal stibstitiile 
fur platen. 1'r,l 

Beer. 

AAw haautaitation industry so highly dt‘Vtdopcd scicntilicadly anti 
ttH‘luut‘ally has nlrt*a<ly paitl ntttaituai t<t colloid cltcinistry atid pro* 
tiuctai a not inctmsidta'ablt* littaadfin^ (sta^ h\ HMst^ANOKii *b whicli 
in part, ht>v\aA“cr, is intt altogcthta* fna* from tlilidtantisnn 

It wtaihl takt‘ tis t(M> far afhdd, wvw we W consitlcr the wlude 
prtKM'ss of laaa* brewing^ fr<an tin* {a>lloid«cdaanienl vh*wpoint; we 
must n\stnet ourselves tt» tin* finished produet. 

B(a*r is a fennenttal lH‘Vta‘ngt‘ with an nhadiol taadtmf of from 2 to 
”) pt r etait, stant* ata'Iie atatl anti from I to H [aa* emd extractives, 

"rht* t^xtraetivi'H eonslst in grentt*st par! td earbohytlraft^s Cmaltosei 
dextrin and giunsK a Ivhhvv extent of proteins taboui tMl fier lamt b 
and in adtlition. salts, hop bitters. Imp resin anti st»vera! alknltatlal 
substaiua*s, bt'sidt's small t|uantities <tf h*rmt*ntation pnHiuets stieh 
as glyta*rin, latdie ntdtl ntitl stieeinie acuh 

'Fht* persistmil lint* foam whieli a fresh beer shot ih I show is linmghi 
alamt by its tadloidul ecnrtnnt. It is a sign that the eollottlH have not 
ytd btaai broktai dtavn too far, atid lias at the sami* time the mon* 
itnptadani purpost/ of rtdainifig the enrlHinie aeid gas. In a soliifiiui 
supt*rsatnrated with gas(*s, the formation td Imtddes is either in* 
enmsed or tliminished by tin* collohls pn^mnd at the mtnitenl. We 
kmnv furtlier, from page HI, that a taniniu pressurt* is neeessnry to 
ovfTcome tlu‘ Hurfac’e tfutsitmnnd burst tin* bubble, rn/,, aHoiip butifdt*, 
HO that tin* cn-rlH>nic* aeid gas of ht*t‘r is under a c’l^rfidn pressure 
ht*nc*at!i tin* foam. 

The efmdithm rather than tin* attmunl of the ffatniTorming idtnr-’ 
mills is more important for the foum”ke(‘piiig cpialtfy a! beta*. Hmre 
are Ihsts Heli in allnimin which remain foamless and beers lumr in 
allmmin whicli foam well. Aeeording to F. l%MSbA\mi*:ii* it is inniidy 
tin* soft hop resin, in addition iu tin* aeidify of tlie beer, wldeh makes 
tin* albumiiiH foam, 

* Hiem i'AisL^Noen ndls iiticntitui In mi luu-rvMltm reliiiit»u brtttrni ber-r 
brewing lunl iimetivntiun uf frrmialH by simkmg, nre p. IHU. Ilrcwerfi Imvc Imitf 
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A perfect beer should be absolutely clear; turbid beers are unre- 
liable, but no objection can be raised to a dusty or net-like appearance. 
In the latter case the disperse phase consists of protein particles, dex- 
trins or precipitates of hop resin. Some yeast may also be suspended. 

Occasionally in very cold beers cloudiness develops which may be 
ascribed to precipitated albumins, which disappear when the beer is 
warmed. In the United States where iced drinks are in great de- 
mand, especial pains have been taken to master the difficulty. 

The alkalinity of the wash water, the carbonic acid, and the 
atmospheric oxygen during the brew, play an important role in the 
resistance of beer to cold. According to R. Emslander* the surest 
means is the addition of some pepsin. [Wallerstein has patented 
the addition of a proteolytic enzyme to beers, to prevent cold- 
cloudiness. Tr.] 

What is designated as ^^vollmundigkeif' or body in beer is caused 
by the colloid content. This property is almost identical with the 
viscosity, and is determined by the viscosimeter. If, for instance, the 
time required for water to run from a 50-c.c. pipette = 1, and that of 
an equal quantity of beer = 1.43, we say that the ‘^viscosity” is 1.43. 
It follows from what has been said on pages 152 and 153, that we 
may assume d priori, that the ^^vollmundigkeit^’ is largely dependent 
on the electrolytes, that is, on the content of acids and the kinds of salts. 
Even though the larger part of the salts is derived from barley, yet 
some are derived from the brewing water, and the hitherto partly 
unrecognized influence of the water may be attributed to this fact. 

E. Moufang determined empirically the relation between optimum 
keeping quality, ^Tull” and palatable’’ taste, sediment and acidity. 
I refer to F. Emslander*^ for the colloid-chemical effect of the 
brewing water on lagered beer. 

Among the proteins, in addition to the gluten which flocculates out 
on boiling with acetic acid, peptone may be mentioned. H. Bech- 
HOLD * ^ was able to demonstrate only albumoses, upon examining a 
beer by ultrafiltration. Before generalizing, a large number of beers 
would have to be investigated in this way. It seems that E. Fouard 
has carried on such ultrafiltration experiments with starch solutions, 
worts and beer (cited by Emslander). W. H. van Laer has also 
made noteworthy experiments on the relationship between the ultra- 
filtrates of beer and musts, and their transparency. F. Emslander 
and H. Frexjndlich * have performed cataphoretic experiments and 
found that the colloids migrate to the cathode. In consideration of 
the acid content of beer, this finding is theoretically correct. 

R. Marc* has worked out a simple method for quantitatively 
determining beer colloids by means of the fluid interferometer. 
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A study should be made of the usefulness of several other colloid- 
chemical methods for the testing of beer, especially the determina- 
tion of surface tension, which might serve to distinguish the amount 
of various colloids contained, coagulation methods, etc. The mere 
suggestion should suffice. 

It must be mentioned in addition, that F. Emslander*^ has at- 
tributed to the '^protective colloids” of beer a significance for the 
more easy adsorption of milk and other foodstuffs. Even earlier 
experiments, especially those of Ross van Lennep indicate that the 
presence of colloids and suspensions have an influence on the growth 
of microorganisms. S' hngen thoroughly investigated this mattei' 
in connection with alcoholic fermentation and obtained interesting 
results- He found that colloidal iron, albumin, silicic oxid and 
humic acid had no influence on alcoholic fermentation, but that, on 
the contrary, it was greatly hastened by turf, filter paper, blood 
charcoal and garden earth. He succeeded in proving the cause of 
this; the carbonic acid which is developed during alcoholic fermen- 
tation impedes fermentation and all substances which favor the dis- 
appearance of the carbonic acid favor fermentation. The action of 
the colloids mentioned is purely mechanical, somewhat like that of 
powdered glass, threads, wood chips or platinum shavings which 
hinder boiling. In the fermentation industry it is generally known 
that brewers grains and spun glass increase alcoholic fermentation, 
and these phenomena have now been explained by Sohngen’s 
investigation. 


S. Rothenpusser * has employed his colloid-adsorption method 
for detecting saccharose in the most diverse kinds of foods and condi- 
ments (wine, weissbier, caf4 parfait, kilned malt, pastry, etc.). 

In practice naturally many other questions will appeal to food 
chemists. It might be determined whether the availability of vege- 
table protein, which on digestion is only from 60 to 70 per cent, 
could not be increased by a suitable method of preparation. Colloid- 
chemical methods must unquestionably be utilized in the investiga- 
tion of fruit juices, jellies and marmalades. We must remember that 
these are frequently mixed with glucose, which, when undeclared, 
should be regarded as an adulteration. Glucose contains in addition 
to dextrose, dextrin and unfermentable substances which may be 
determined by colloid-chemical analysis. Marmalades are adulter- 
ated with gelatin, agar-agar and isinglass. 

We trust that the mere mention of these facts may cause food 
chemists to give greater attention to colloid-chemical methods. 



CHAPTER XII. 

ENZYMES. 

For more detailed study we recommend the following books of reference: 
‘^The Nature of Enzyme Action, by W. M. Bayliss; “Allgem. Chemie der 
Enzyme,’’ by H. Euler (J. F. Bergmann, Wiesbaden, 1910); “Die Fermente 
und ihre Wirkungen,” by C. Oppenheimer (F. C. W. Vogel, Leipzig, 1913); 
[“ Biochemical Catalysis in Life and Industry,” by Jean Effront. Translated 
by Samuel Prescott. John Wiley & Sons, Inc., 1917. Tr.] 

List of the best known enzymes. 

Amylase hydrolyzes starches and glycogen into dextrin and maltose. 

Catalase decomposes peroxid of hydrogen. 

Chymosin is rennin. 

Diastase fluidifies starches and hydrolyzes them to maltose. 

Emulsin hydrolyzes glucosides. 

Erepsin hydrolyzes albumoses and peptones to amino-acids. 

Fibrin-ferment an hypothetical ferment which coagulates fibrin. 

Inveriase hydrolyzes cane sugar. 

Lipase hydrolyzes fats into fatty acids and glycerin. 

Maliase cleaves glucosides. 

Oxidase an oxygen carrier. 

Pancreatin from the pancreatic juice is a mixture of several enzymes. 

Papain hydrolyzes albumin. 

Pepsin hydrolyzes albumin in acid solution. 

Ptyalin is the amylase of the sahva. 

Rennin coagulates milk. 

Sieapsin is lipase. 

Trypsin hydrolyzes albumin in alkaline solution. 

Tyrosinase oxidizes t 3 T 0 sin and some of its derivatives. 

Zymase sphts sugar into alcohol and CO 2 . 

To split complex molecules, chemists have to employ powerful re- 
agents, such as acids, alkalis, etc. They smash, as it were, the 
clockwork with a hammer and then pick out the undamaged particles. 
Just as a watchmaker employs for each screw a suitable tool or a 
specially made pliers, so nature has constructed delicate instruments 
for this purpose. Enzymes are such tools for the chemical break- 
ing down or building up of molecules. Albumin, carbohydrates and 
fats may all be split up by acids. For each purpose nature has a 
special enzyme, or even several; for the cleavage of albumin, pepsin 
and trypsin; for starches, diastase; for fats, lipase. 

We shall see that some enzymes are fashioned exactly for their 
use, so that the simile of Emil Fischer, which compares the enzyme 
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\o a key aiul ihv sul>stiine4‘ split up lu a loc'k, is a. very hap^py ««ie, 
'“rhe simile ean 1 h‘ (^xltiuled .still further, siuet* tin* kt\v tiuiy uiiltiek 
theusaiuls uf similar Itieks and fails (udy when flu* key is wnrii <»ut. 
iMer(*av(*r. enly very small t(uautities <if eit/,ymes are needed wliieli 
an^ utilizcnl (.>v«*r mal u^uiii. This euiii*eptitin eii/.viiie-, eerre- 
spends witli tnir prt‘seiit-tlay eh«‘mieal eenet‘pli(ai ef rn/iili/.:r/‘.v. These 
Intlc'r an* su!rstain*«‘s whieh either hrinjLt: nhout er aereli*rale eheiiiienl 
reaetienSj witlmut tltemselvc^s tigurinic in the i*nd pnwlinns, Fer iii« 
staiUH% platinum Inisteus the eumhiimtkm t»f t) and Hi ly intu Hih. i»r 
the nninti <^f 11^ and into H^i k 

It is tlii* nature uf eatalyzers Hud tliey nplit tt|) etimiHmnd suit- 
staneeH ancl Imild tip tliesame suhstanef's fnan the c,‘leava|<e pnahirts 
until a tleliniti* e«|niUhrimn is tihtained. ‘Fhus, imnn, tlie t‘n/,yine <»f 
the eastur hcxin, nut unly splits fat itiiu iclys’vriu and fatly aehl Inti 
alst> unites ^lyrerin uinl fatty aeitls into fats. The ti|uilihrimii is 
frt*(|ueutly c»ne in whic'ti tlie synthetie neticm ■*»e<anH \‘t»ry Huf Hirdinate. 
Thus, amylase muli*r eertain ein*nmstanee'> plils up tH) pt*r eiait 
uf stareli, yet it tunuH pusHihly hut I per rent nf .siareh frtiiin maltie-ie, 
'riiis. hiinK a (adluiih pns’iintales fruin tlie sulntiun. and thus permits 
tin* hirmatiun uf amdlter I per rent uf Htareli uhieh af^iduiilty ap* 
pt*ars as stareh Krains ur alyeuaen and thus iiermits tlie further fur- 
matiun uf starc*ln 

flithertu, it has been ifnpi»ssihle tu iihtain an en/.yme in pur** furin 
ami unly hy its struitKer ur weaker netivity was it known whether a 
diluh* ur a eoneentrateil preparation of enzyme exisieiL W. M. 
Haviush rightly cadis attention to th** facd that, un aeeount of fhtar 
eulluidnl nature*. t*nzymc‘s always cauTV dt»wn hy adsorption purticai-s 
uf the* sulutions frum whicdi tln-y an* ohtained. It is, ihert^fure, nut 
surprising tiiat' alhnrnin reac’tiuns are olitaini*d frum pepsin and tryp^-- 
sin and a earlcohydrate reacUiun frmn amyiust* am! invertase. In 
many eases if is |Hissihle tu d«*eidt* !*y na-ans uf dtlTusiun miitih«*r 
mix! urt*M lire pres«‘nt (set* It. ct. Hnazot; and Ivvsahniiwhici'^K Ae- 
fording to L, ItosuxTn imacA the* po^sema* of alhnminons stilistaitef*s 
is of hiologieal importane**. pruteeting the* enzyim* from many d**' 
struetivc^ iiifliienees, espe^rially from H and ill! ions., ,\s tire result 
nf the eniiHtaiit prcssenc’e of adsorhi*d impurities, we know jilmoaf 
nothing eoneerntng the ehemieai nature* of enzymes. Ifowevi^r^ wt* 
do know tliat idl mizymes arc* c’olloids. 

H. FiiANKEn assuiiiert that |.iurt* diastase is very greatly tlinperMeii 
hut iiH yet no sufiieient evidenee lias In^cm addueed: neither ohserva« 
lion in the nltramiero:Heo|«* nor filtration through a 4 |«t reiii iiltra- 
filter is lunrlilsive. Tu us it merely Hef*ms prolmhle that silefi 
diaHtai*{<* is more highly dis|M*rs<’d than hiamcglohiin 
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Even the colloidal state itself, i.e., great surface development, under 
certain circumstances, may be responsible for work similar to that per- 
formed by certain of the enzymes. For instance, G. Bredig catalyzed 
hydrogen peroxid by means of metal sols, particularly platinum sol, 
which he prepared by electric pulverization; that is, he obtained a 
result, the splitting off of oxygen, which in all appearances resembles 
that brought about by catalase, a ferment which occurs in blood, in 
milk, and in many plant and animal tissues. On this account G. 
Bredig called his metal sols ^'inorganic ferments,’^ although with 
enzymes (or ferments), they share other properties to which we shall 
return. The action of enzymes is explained in part by their colloidal 
nature. In the organism they act chiefly on colloid substances 
{e.g., foods) with very extensively developed surfaces, so that under 
certain circumstances enzymes may be merely mechanically adsorbed. 
They consequently act upon the substrate in the greatest concentra- 
tion. 

It was shown by numerous adsorption experiments with indiffer- 
ent suspensions (charcoal, kaolin, cellulose) that enzymes have a 
strong tendency to concentrate on surfaces. It is possible to remove 
the rennin or pepsin (M. Jacoby*), and trypsin (G. Buchner and 
Klatte*) from solution by means of fibrin flakes or other coagulated 
albumin, or diastase by means of starch (H. van Laer). The 
reagents and sometimes also the products of the reaction are adsorbed 
by the colloidal enzymes. If the former accumulate, in accordance 
with recognized laws, the progress of the reaction is slowed. An 
example is the breaking down of hydrogen peroxid by catalase. The 
oxygen formed by the breaking down of H2O2 into H2O and 0 is ad- 
sorbed by catalase and the reaction is slowed (Waentig and Steche). 
Some enzymes, especially pepsin and papagotin, according to Rohongi, 
give reversible precipitates in salt-free, neutral solutions of different 
albumins on which they act. The inhibition of the action of an 
enzyme by a suspension or a colloid may be removed again under 
certain conditions by another indifferent colloid. If the activity of 
rennet has been destroyed by charcoal or normal serum so that the 
mixture no longer produces curdling of milk, the activity of the 
rennet may be restored by the addition of saponin. Somewhat 
different modifications are obtained by the addition of cholesterin 
or by combinations of trypsin with charcoal, saponin or cholesterin 
(Johnson, Blom*). In this way, the numerous possibilities which 
result from the interaction of enzyme and antienzyme (q.v.) rest on 
a physical basis. 

The essential difference between an indigestible adsorbent and one 
which is dissolved by the enzyme is that the combination, e.g,^ be- 
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auinial rhamKal aiul trypsin, is primarily irrt^viTsihla. Hit* 
trypsin is funt, walfi* is unable ttt ti*ar tin* trypsin from tlu* rliar- 
coal tlu>ug;h rastnu is ahlt* to tlo stt iS. it, HnniNn It issntm, arronl- 
ingiy, tluit trypsin mnl<*rgot*s a rluuigt* on tht* snrfaoo of rliitrroal 
similar to that uiulorgoiu* l»y dyos on tihi*rs ami if Iht* profi\MS \vi*r«* 
to oi*c*ur ill tho organism ns it tloi‘s on rharroa!, tho trypsin wonlil 
1h‘ |)taiuanontly withtirawu from thr mixtun*. If, Imwi'Vor, tho siilo 
strata isdigasttsl and arystalloul alravaga prislurts rasult, in tin* 
ali‘avaga of fibrin by trypsin, tha adsorption <‘aasas of its own aaaord 
and tin* an/.yma b«*romas frat* for furthar iis*% nciing likt* a trim 
aataly/,ar. 

This HtTvas to t^^cplain tin* signitiaanaa of ilia of lha sii!i- 

strata on an/.yma nation, Tha nation tnaraasas in s|n»atl in aaaord- 
an(*a witii <*Ktant of snrfa<*a |.H*r unit of waight, M. AimnniiAnnKN’ 
and PKTrtnoN’n* dainonstratad ttiis in tha tligasthm wntli panaraatia 
juiai* of albunn*n aoagulattsi in difTarant ways. 

In tin* vi%sv of aiizvma^ tlmir t It tirtHiirfnirnl natnrf* is iimra ini’ 
IKirtant tlum in tha ansa of otlna* aolloids, ami influamTS thair mt- 
sorption. 

Wi* fraqnantly obsarva that if tha propt*r 11 or tdl ion aonamitra- 
tion is absaiif , an an/.yma arts faably on its substrata. Many nmilral 
satis favor au/amn* nation; othars inhibit it. For instanaa, papsin 
arts strongly in aanl solution only, trypsin in alkalim* Httlulion only. 

Hia invastigat ions of L, Mtt*ti\r44s'*^ and his ao*workar.s show* 
that tin* alac'tria ahiirga of difTarant vw/xun^s varias fsaa H. |si‘ov» 
KH(*o*^| lunt that, proport ionataly to tha aharga, thay ara una«niiilly 
inlsorbad by various subs! rat as. 

Wa liavt* pravicaisly mautionad that alaatro|M»Hitiva gals or simpaii* 
sions^ r.f/., ft*rrh* 0 .^ 01 , aomplataly a<lsorb ahs'tronagiifiva solutions, 
a.f/., sarum allmmtm An alartronagativaly-aliargad mastta or kaolin 
suspiiisioii aomplataly atiraats to its<*lf Hartim atbuniiin only winui ii 
has lif*aoma a!r»alro|Misitivt* by aahUliaatiom 

Thasa ill vast tgaf tons gnva tfia folknviiig rasults for n group of 
emyinvA, In tha lalila fsaa p, IHfH X signitias a prommitaad alaatria 
migration flo aiitin«la or nnodat. /.r., aomplafa adsorption; I) ^4grii- 
fias no migration or no adsorption; X <k P *• X, ras|,«mtiva}y, 
mora or la^ migmiioii or mlsorptiom 
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Ferment. 

Migration towards 

Adsorbents 

Anode 

+ 

Cathode 

+ 

Iron oxid, 
clay, etc. 

Kaolin, 

mastic, 

! arsenious 
sulphid, 
etc. 

neutral 

charcoal. 

Invertase: 

i 





in neutral solution 

X 

0 

X 

0 

X 

in acid, solution 

X 

0 

X 

0 

X 

in alkaline solution 



X 

0 

X 

Plant diastase: 






in neutral solution 

0- X 

X 

X 

0 

X 

in acid solution 

0 

X-0 

0- X 

X 

X 

in alkaline solution 

X 

0 

X 

0 

0 

Salivary diastase: 






in neutral solution 



X 

X 

X 

in acid solution 



X 

X 

X 

in alkaline solution 



X 

X 

X 

Trypsin: 






in neutral solution 

X 

0 

X 

X 

x -0 

in acid solution 

0 

X 

X 

X 

X 

in alkaline solution 

i X 

0 

x-0 

0 - X 

0- X 

Pepsin: 






in neutral solution 

X 

0 

X 

0 

X 

in acid solution 

X 

0 

X 

X 

X 

in alkaline solution 

destroyed 

destroyed 

destroyed 

destroyed 

destroyed 

Rennin (from pepsin): 






in neutral solution 




0 


in acid solution 




0 


in alkaline solution 




destroyed 


Rennin (Grubler): 






in neutral solution 




X 


in acid solution 




destroyed 


in alkaline solution 







We learn from this table that analysis by simple adsorption may 
replace the more difficult and complicated electric migration. It is 
very instructive for our knowledge of enzymes, that their action is 
strongest with the reaction which expresses their own charges as may 
be seen from the following table (from L. Michaelis) : 


Optimum Activity Occurs 
with an H-ion Concentration of 

Water 1 . 10“^ 

Invertase 2 . 10~® 

Maltase 2.5.10-7 

Trypsin 2.10-8 

Erepsin 2.10-8 

Pancreatic lipase 2 . 10“8 

Pepsin 2 . 10-^ 
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Electronegative (acid) pepsin digests best in an acid; and ampho- 
teric (almost neutral) trypsin in an alkaline reaction. We may think 
of enzymes as being amphoteric substances, in some of which the 
positive charge predominates, in others, the negative; as a corollary 
of this, pepsin dissolves in alkaline solution; in other words, the pepsin 
is dissolved away from the substrate it would digest and is thus in- 
activated; the reverse of this holds true for trypsin. Salivary dia- 
stase seems entirely neutral, since saliva must fluidify as readily in 
acid as in alkaline reaction. In some cases we observe a relationship 
between the reaction of the substrate upon which a ferment is to 
act and the ferment; thus, pepsin-rennin has a pronounced basic 
character, casein an acid character, albumin in acid solution has a 
basic character, and as such combines with acid pepsin; in alkaline 
solution it has an acid character and so can unite with basic trypsin. 
Consequently, we find here phenomena which I pointed out in my 
experiments on the adsorption of dyestuffs, page 29. 

This difference in adsorbability is utilized in many cases for the 
purification of enzymes. Thus L. Michaelis removed albumin from 
mixtures of serum albumin and invertin by shaking them in acid 
solution with kaolin; the invertin remained without loss of strength 
in the albumin-free solution. E. Abberhalden and F. W. Strauch 
extracted pepsin from the stomach content of animals by means of 
elastin and then recovered it from the elastin by means of water. 

Depending upon the reaction, decided differences were found 
when enzymes were filtered through Chamberland filters. Accord- 
ing to Holderer most of those studied by him passed through the 
filter when they were neutral to phenolphthalein but they were held 
back when neutral to methyl orange. Holderer attributes this 
principally to the effect of adsorption by the filter mass. 

For a number of enzymes the course of the reactions was studied 
and proved to be quite complicated. I refer to the investigations of 
platinum sol by G. Bredig and his pupils; of invertase and amylase 
by V. Henri; of lipase by M. Bodenstein and Dietz and of emulsin 
by P. Jacobson, which are described by H. Freundlich in his 
''Kapillarchemie.^^ It is conclusively shown in the publication of 
W. S. Denham* from Bredig's Institute that among all the compli- 
cated factors, it is the surface concentration which is of the greatest 
importance for the acceleration of the reaction. 

In the case of gels, the greater the surface concentration becomes, or 
in other words, the more swollen the substrate is, the better is the 
opportunity offered an enzyme to enter the substrate. This obser- 
vation can be made over and over again in the cases of enzyme 
cleavage. E. Knoevenagel* offers convincing proof of this fact. 
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He says “The degree to which acetyl cellulose swells, runs parallel 
with its speed of saponification by aqueous alkalis, so that with 
greatly swollen acetyl celluloses the saponification by 1/2 n KOH is 
completed quantitatively in a few hours, at room temperature.” 

We have not yet answered the question: What property is to be 
ascribed to the specific action of enzymes? We may regard this 
query as being answered by G. Bredig and Fajans* as far as the 
principle involved is concerned. They demonstrated that right 
and left campho- and bromo-campho-carbonic acid (which resemble 
one another like a picture and its reflection in a mirror) may be 
split into camphor and carbonic acid by bases acting as catalyzers. 
The speed with which these two opposites are broken down differs 
considerably if optically active bases (quinine, quinidine, nicotine 
and cinchonine) are employed, and may amount to 50 per cent. 
■This is analogous to the specific action of enzymes upon chemically 
known substances with catalyzers which have definite chemical 
characteristics. It has been shown for most enzyme actions, with 
certain exceptions among the sugars, that of two optically active 
isomers both are attacked by a given enzyme, but one is always 
affected more quickly. We thus have a complete analogy for natural 
enzymes, but beyond this point the “lock and key” idea fails, since 
under no circumstances could “an asymmetric key fit the mirror 
image of its proper lock.” 

But the analogy extends further. G. Bredig and Fiske effected 
asymmetric synthesis by a catalyzer of known composition. According 
to L. Rose-nthaler, the enzyme action of emulsin accelerates the 
following reaction: 

C6H5-CHO+ HCN - CeHs; CH(OH) ; CN. 

Benzaldehyde -i- hydrocyanic, nitromandelic acid, 

acid 

G. Bkedig and Fiske replaced emulsin with quinine, but if they 
employed chinidin as a catalyzer they obtained laevo rotary nitro- 
mandelic acid in addition to the inactive product. 

We may summarize our present understanding of enzyme action, 
thus: As a result of their colloidal properties, under favorable ex- 
ternal circumstances, enzyme and substrate are greatly concentrated 
at their interfaces, so that the course of the reaction is very much 
accelerated; the reaction between enzyme and substrate is purely 
chemical, conditioned by their mutual chemical constitution or con- 
figuration. [Ultramicroscopic observations suggest that possibly 
physical action is also involved. J. Alexander, Jour. Am. Chem. 
Soc., 1910, vol. 32, p. 680. Tr.] 

Enzymes, perhaps, exhibit the property of aging to a greater ex- 
tent than all other colloids. Some, e.g., trypsin, if dried, lose their 
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activity after a time; in. solution they all deteriorate more or less 
rapidly. We do not know whether this depends upon purely me- 
chanical variations, or whether it is associated with a chemical 
change. For the former view we have the fact that many enzyme 
solutions may be inactivated by mere shaking; a rennet solution, for 
instance, need be violently shaken only two minutes in a test tube 
in order largely to deprive it of its capacity to coagulate milk. Even 
E. Abderhalden and M. Guggenheim* had observed that tyro- 
sinase, expressed yeast juice, and pancreatic juice had their activity 
partially inhibited by shaking them for 24 hours. A. 0. Shaklee 
and S. J. Meltzer* found the same true for pepsin and M. M. 
Harlow and P. G. Stiles* for ptyalin. 

Quite independently in 1908, Signe and Sigval Schmidt-Nielsen* 
observed the inactivation of rennet by shaking^ and subjected the 
phenomenon to a thorough study. It was deduced from this that 
inactivation by shaking is a surface phenomenon; the inactivation in- 
creases with the length of time and the violence of the shaking; the 
volume of air present, the concentration of the enzyme, and the tem- 
perature are all influencing factors. The enzyme becomes con- 
centrated in the foam and on the surface of the vessel employed. 
The foam is more active than the fluid and the procedure offers a 
possible method of concentrating enzymes. If a rennet solution that 
has been shaken is allowed to stand, it recovers some, but never all 
of its original activity; a portion remains irreversible. If saponin 
is added to a rennet solution, no inactivation results from shaking 
because saponin drives the rennet from the surface. 

Subsequently M. Jacoby and A. Schutze* published an analogous 
observation. They found that hemolytic complement (see p. 196) of 
guinea-pig serum was inactivated by shaking it at 37° C. Reac- 
tivation, in other words the reversibility of the process, depends 
on the duration of the shaking. At first, only a definite fraction 
of the complement is irreversibly inactivated by the shaking since 
it may be reactivated by “end piece” and also incompletely by 
“middle piece.” When the shaking has been sufficiently prolonged 
the complement is irreversibly inactivated according to Ritz. The 
inactivation depends, according to P. Schmidt and Lieber, on 
the fact that the serum is made turbid by shaking, a foam is 
formed into which the globulin separates, and this globulin adsorbs 
the complement. The reactivation by “end piece” results from the 
solution of the flocculated globulin thus liberating the complement 
(see p. 196). To what extent the action of the alkali (from the glass) 
assists in the inactivation has not been determined with certainty. 
On the contrary, it seems from the data, that only a portion of the 
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complement is inactivated, since it may be reactivated by addition 
of “eiul piece” and of “middle piece.” Serum becomes turbid on 
shaking, and it is the author’s opinion that this is evidently due to a 
coagulation of the albumin by shaking. 

In many investigations, especially in “immunity studies,” it is cus- 
tomary to shake the tc!st tubes, and I believe that some of the dis- 
agreements in the results of experiments by different investigators 
are due to a disregard of such surface phenomena. [R. Ottenberg 
does not consider this factor in his exhaustive study. Arch, of Int. 
Medicine, vol. xix, pp. 457-492. Tr.] 

The diffusion coefficient of several enzymes was measured ^ by R. 0. 
Herzog and H. Kasarnowski.* They are for 


Pepsin 0.062 (at 12° C.) 

Pepsin 0.006 (at 16° C.) 

Itennin 0.062 (atl6°C.) 

Invcrtin 0 . 032 (at 16° C.) 

Emulsin 0.033 (at 15.3° C.) 


From these figures the following molecular weights were cal- 
culated : 

Pepsin 13,000 

Invertin 54,000 

Emulsin 45,000 y 

In studies on the filtration, ultrafiltration and diffusion of enzymes 
through membranes it must lie determined beforehand, whether the 
filter adsorbs too strongly. Thus, e.g., a Chamberland filter per- 
mits no ptspsin, trypsin, lipase or zymase to pass through, though 
the i)ores are of ample size. By choosing suitable membranes, 
tlu^sc? methods of separation have given valuable results. It has 
been possil)l(' by diffusion and ultrafiltration to separate a num- 
ber of enzymes, which werc^ formerly regarded as individual, into 
two (ionstituents having different properties. Thus, according to 
S. Fraenkeu and M. Hamburg,* diastase prepared from malt may 
be divided into two (uizymes. The one which diffuses changes 
starch into sugar, wlnwcias the other merely fluidifies the starch. 
A. voN Lkbedkw* ultrafiltered expressed yc^ast juice and thus 
8uc(!e('dc'd in demonstrating, that in fermenting sugar the disap- 
p(*aran<!(i of th(' sugar and the formation of carbonic acid are two 
distinct processes. 

In th(i course' of Hindi experiments it has been shown frequently, 
that the components arc inactive individually and only exert their 
enzyme aiition in combination. The first observation of this kind 
was that of R. Magnus,* who dialyzed liver extract. The extract 
which originally split up fat thus became inactive; when Magnus 
1 The fifcures are the mean of several detorminations. 
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Iiiiitinl iV'.iiiiir ;iii4 tbf luixiuri’ rn^owivd Ha lypulytic 

|irii|itii A, \ aii4 \\ * luutlr a, >iiuihir ohsrrva- 

tiuii wiiiii idtraiiifi-rKii rxprr-— nf yt-as! juirr. tilUa* n\s- 

ii|iii’ it'-’ l*‘rui«iiiat ioii hut r4*i^ainr<i it whau 

iiii\rii luili lip- tiilrafr. It r. iaiili-ui I'mm ihis. that staaa taizymps 

riiii'^i’4 ul M i-uH^»i4 ;upI a ria -a alltipl i-Hipa if ; the latUa* ftillow- 

ilt|; tlif |Mii i.i! I «, lli'JUUWM Is r:il|i*t| Vih-ruZiJilli' OV 

III Niill ii!lii-i' th«‘ plaav-'^ rry>t;i!lfiid praptaiias; 

iliiliki* till* fHlIuat puriitiii il in lUnenniHvr III liuiluiiJ, aiul fnH|iu*ully 
Ml a niil»n.iaipp‘ uhiine t’MiHpie4tttm \v*“ll kuMwn, Tims, 
art'Mi'tlua; !»* < *. %»»\ iuii aiul J. Sriir'i'/,* sMtlium (‘liMhitf aiul 
siiifiiliii ar*- «'« *-«’ii/yiiji-n mI* lipase; ami to 

llll'-lilit aii4 \ . fli*' rlilMrin aial la'MHiiit iuiis uf alkaluii‘ salts 

lire the et ^’ 1 - 11 / \ ills- l*»r fie- aet imii ui paiieri%alie jtliee upon starc’hes. 
In eisiilrieii'-.tiier'! e »!* Im lie' ru eiun men^ the an^ 

Usua!l> etnl*u4'-?. \ut i -s-ii/viae-^ ain- ".nhniauees whieh intiaiVn* witli 

til*' aefitai I'll ell, .n lie- - 5 . lle-^ are lik»* the ouHtufiifis whieh 

rate are! hke the' iiat iiMViu-,, fhev ♦ etsir to some extent in 

normal sii'iiin, ur non h-*- pi-t.»siuee4 in il l«y Iht^ iujeetion of tmzymes. 
For iiinfaiire, leif ''.e --il mm eMuiamn a large amotint of 
wfiieh iiihihitn the* etei.i-yhatiMO III milk Uy remnn. By injecting the 
proper iiii", >iiif I eii/i, me ) i'.»r hpa/’e, emnlsin, amyluse, pepsin, 
papain aii4 nosise ha-ve Mla;uiie4. \o eX(’e|iti'on it,> this is a/tf/- 
/ri/p.a'ii ii'lie-li neeinn Im he a erV'aal|Mi4 ninee if dilToHeH reiitlily. It 
h the aiiti r-rotviie aloi'h prnieet mteniinat imrasiteH from digestion 
hy the panerr'afi-e jmee-e 

Aeeiirdiiig ^ i III oi'%.*'' the relatiiifinhip between en/,ymt‘ and 

liiif i»rii/yme m iui a4M*r|-»im-o. uhitdi prolialtly results in a h\ati(»n. 

A errtain |i*-!Heen enzyme and eo-m/yme is ptissessetl 

liV pro’-rii^yiiie' aiei itn aei'iea!tir, Mont t*ii;/iymt‘n ore /or wed in an 
iiiartivr nial-e e,;illr'd the pro /ei' WfOil. Of 2f/omf/i7i , whlfli 

lieetiiiii'n aetiv*'' Miihr after the additiuH of some rrysfalloid, usuallv a, 
silsiph’ ni|lr:f fiiier-, f'fi.r pto ■»-ii.,miie of I'lroniu inav he e,xtriic*ied from 
tin* giisirie miieonn meml.rniie, hni eaiimf. digeni allmmin; only after 
the iidditioii ol i.erv dilute aeidn doe-i it f'leeoine pepsin lllltl a<a|nirc* 
iIh ahslif^r to di|M'-f, Tie- fr%p-aij of panereatie jihee is e.xendssl into 
the diiodeiiiim lie nil imietivr pro-en/vme; it is aetivaied lay c‘aleinm 
Slllla, Tliis is of the |rfe.a!e-i! hiologieal '4gniheauet% Hiiire otherwise, 
Heii'etiiig tiMuid leit hr ■■.ale froiii their own seeriliiois* 

Artairdilig to !v Vmnuwi/^ the formation of |'iro-eii/,yim*s oeeurs 
ill this iiiariiier: llie proto|4a.nm of the glamtnhir eiHs retains a, eer- 
lain jiftrtiofi i*f ihr Irwid Irv adHorpinm. Aei«h* ealeiiim salts, ete., 
arr**'-.l the ad'-^**r|iiii#u, and the aetive ferimmi lieec.>mrM fnan In 
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support of this view, E. Peibbam and E. Stein injected through a 
tube into the stomach of one rabbit an active solution of rennin, 
and into the other, one mactivated by boiling. After four hours the 
rabbits were killed and the amounts of pro-ferment contained in their 
gastric mucous membranes were measured. The gastric mucous mem- 
brane of the rabbit treated with active rennin contained much more 
pro-enzyme than the other. From this, the authors deduced that the 
colloidal gastric mucous membrane adsorbed the rennin and changed 
it into pro-enzyme. S. G. Hedin* also views z3nnogen as the com- 
bination of an enz3Tne (rennet) with an inhibiting substance. In the 
condition studied especially by him, rennet is freed by hydrochloric 
acid, the inhibiting substance is let free by ammonia, with the 
destruction of the rennet. 
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IMMUNITY REACTIONS, 

TtiAT i.he orgiuuHin is overwhi^nunl hy ii large cltisr nf piHHcni Init 
recovers frt>ni a .snutll oiu^ siu)ul<l not particnilarly surprise us. Kvt*r 
since the r(Hx>gnitiou of tlu' nature of infectious tlLHeast*H, it iiuist have 
amassed luologists that every iidVctc'd ca’gnnism did not smaauuh to 
the sliglitest iidtHdion, Microorganisms multiply indefinitely^ nialj, 
tlieoreticall\% it. is only a (iiu^sticm of hours httore tlu‘ muiila'r present 
shall 1 h^ ovc*rwh(‘lming vvlu‘th(n* tla* inftH’tion is with a large or a small 
dose. Were this assumption, to which we might 1h^ led frmn the o!»- 
ecTvation of cultun' mtslia, corrt'ci, no living thing, phmt or animah 
could ('xist. Tht*r{‘ must Ik» inluaHmt fona'S in the living organism 
which protend it agaihst pathogenh* gtnans, which make* it iinmunr to 
such injuries, and which art^ cnlltnl, atnmrdingly, inimunr htHlirH 
(immune stihstaucc's). 

L. PAHTFaiu was the piom‘er in the' systcauatic study of immunity* 
H(‘ |)roduct‘d <*x(M*rimental proof that immunity might Iw* artiliciiillv 
produccnl hy previous trcnitnuuiit with attcmuatc^d inft'ctive agents 
(chiekem cholera) just ns hud Issm deme previously, in the ease* of 
vaecanation against smnlltKix. Th(*s<* investigations reeeived a 
mighty impulse whc*n Hohkht Koch sian’eeded in gonving disinise 
genus in pure eulturcn Tlu' doetrinesof immuniln n\u\ 
were d(‘veloped into a spcnaal hraneh of sehmee whieli at present 
holds tlu^ ehi(*f inten’est of sehmt ilic mtnlieintn 

It wm reeoguiz(*d that th(' iHxly ccmld everemiiv its itiviidi*rs in 
various ways: Huhstane(‘H oeeur whieli make haeteria hnritik^ss hy 
dissolving theiii, haeUrhlymm (acting against vihrios, r.i/., tif efioierii. 
and against typhoid), and otliers whiefi (*Iuin|'> fh«an togiUher and 
pn*cipitat(‘ th(*m, tin* agghdinina (against- typhoid, panityfilioid, 
dysent(*ry, etc..). In oth(*r eases, tin* protection is tlireclcd priii’^ 
cipally against the poisoiis, (oxiuh^ whicdi tin* orgiitii/fed tie- 

V(‘k)p (diphthc*ria toxin, t(*tancdoxin, <*tc.). ^rhe orgaiii.Hiii 
a p<*euliar protective rneelumism in the lettrocytes, which tnlu* up 
and digc*st the laictt^ria and eoc»t*i, devotiring them liki* ftw living 
amel>a in^ search of fcKHl. This phemmemm. which miis rf*coKiii/.is| 
and stuclicsl C’hiefly hy Iv. *VfFTst*iixiKfU*’F, is cnlltal phagiH^'giasiM* 

im 
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The bacteria are previously prepared for phagocytosis by certain 
ioimune substances in the serum called opsonins. 

The study of these phenomena was very much simplified, when it 
became possible to transfer many of them from the living organism 
to test tubes. They were thus freed from disturbing epiphenomena 
and made susceptible to quantitative investigations. By these 
methods of study, we have learned a number of properties of the 
blood and cells, which have no direct influence on the natural pro- 
tection of the organism against the attacks of microorganisms, or 
which may be regarded merely as epiphenomena. They lead to the 
knowledge that the weapons of the organism against disease germs 
are not teleologically forged for this sole purpose, but that they are 
the product of a universal biologic law, according to which the 
organism produces antisubstances against all kinds of substances 
foreign to the species (art-fremde) . 

In accordance with their historic recognition, and the method of 
their investigation, it is customary to class them with immunity phe- 
nomena: I am referring to the substances which dissolve and floccu- 
late blood corpuscles, the hemolysins and hemagglutinins and the 
albumin-precipitating substances, the , precipitins: and finally the 
Wassermann reaction in syphilis, and anaphylaxis. . 

If the sera of two animals, e.g.j cattle serum and rabbit serum, are 
mixed, the solution remains clear. If an animal, 6.^., a rabbit, is in- 
jected with the serum from a different species of animal, e.g., cattle 
serum, substances are formed in the rabbit, precipitins} If we then 
mix the serum of such an animal, cattle-rabbit,^^ with ox serum, a 
precipitate forms. Agglutinins and hemolysins develop in a similar 
way. If a rabbit has cattle blood corpuscles injected into its veins, 
substances develop in the rabbit serum which agglutinate and dissolve 
the cattle blood corpuscles. Hemolysin consists of two substances, 
one heat resisting (thermostable) and specific, the amboceptor, and 
another, heat sensitive (thermolabile, destroyed at 55° C.) and non- 
specific, the complement. Only the amboceptor develops as a result 
of injecting the red blood corpuscles, the complement is always 
present in every serum. However, both are required for hemolysis. 
We have now explained the formation of precipitins for cattle serum 
or blood corpuscles in rabbits, but the principle is of general applica- 
tion for the injection of blood into a different species of animals. To 

^ The so-called “precipitin reaction'^ is of great medico-legal importance. 
It serves for the differentiation oi human and animal blood, for which a small 
drop suffices. It is also employed in detecting adulterations (horse-meat in 
sausage, etc.). In the study of phylogenesis it is a valuable aid particularly in 
teaching the natural relationships of animals. 
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make the applieatiou gc^ueral, if an animal is iujtHstc^d with sub- 
stances foreign to its si)ecies (antiyen)^ albumin, animal cells, 
l)aettTia, toxin^ antiboduus or ininmne Huhsiance^^ (precipitins, hemol- 
ysins, agglutinins, antitoxins) art^ fornusl in tht‘ injiH-ted animal 

Binding of antigens (toxin, hactnria, c‘tc.) by tin* iinnuine sule 
Btanc(‘s (antitoxin, bact(‘riolysin, <*tc.) results from c*ombiuution or a 
sort of neutralization which liiay 1 h‘ compared to the innitralizatkin 
of an acid by a base*. P. was the first to study this neii» 

tralization (|uautitativ(*ly and showtnl in tin* case cd diplitheria toxin 
and its antitoxin, that tin* saturation did not ot*cur as in the c’lise iif 
a strong a(ud, rjj., H<d, and a strong basi*, c.f/., KOfI, Imi tluii thi* 
diphtheria toxin must consist of a mixture* of more* tjr less at‘id toxins. 
W(* r(*a<*h this conclusion, not only from the cenirse of tin* Hattiration 
curve*, hut also from a study of the* difTe*re*ut jHjisonous actiems |mkh- 
HC‘sse*d hy the* individual saturation fra<‘tious. 'riiougli, c.|/., tlte larg- 
est part of the* diphtln'Ha toxin lias anae*ute* toxie* aetnun there* is a 
particular fraction, tin* toxon, whiclu afte*r twe» or (hrt*e‘ wt*e‘ks, pro- 
duces paralysis of tin* c*xtre*mitie*s that are* ejuite* fori’ign to the toxin. 
In difT(*n‘ut ease's various indie’uteirs are* used ns a i-iiyn e-if tln^ ufiitni 
between nniiyen and immune auhsinnees. In tin* case* ed' /ox/a-fod/hijia * 
we* are* re*duccd to tin* biological prenif by luiimal e*xpi*rime*nts; the* n** 
duction in tin* toxicity of tin* mixtures is de*ie*rmiin*d from tin* Itexie 
actiem re*maiuing in tln*m. In the* e'use of hemtdys!u.s, the alnlity to 
dissolve* re*d hlooel (‘(*lls more* en* Ie‘ss eomple*te*ly is usee! as a sign. 
Preeipilimi an* reemgnized hy t(*sting the anfige*u against varimn 
dilutions and de»tc*rmining the* gre*atest dilution at which turbieiity 
can still be* re*coguize*d. If, e,y,, a rabbit has benm injee’tesl with 
goat Hc*rum a suhstane'e* ele*ve*lops in the rabbit whit*h pree*ipi 
taie*H goat se*rum. If wt* aeld te> geait-rahhit se*rum \v!ut*li has been 
place*d in a row of te*st tube*s goat seumm in a ilihifi«»n I dIKl 
I/IOOO, l/l(KK)0, etc., we* shall fiinl a eliluiion at winch m«*rel,v tur- 
liidity occurs. In a similar mamn*r ayylntininM are te*siinl (in this 
instance* the* immune* nemm is dilute*d|. 

Sine*e‘ the* nome*ncIature* is not uniform, a tidih* ed f!n^ teritis in coiio 
mem use* is give*n ln*re. 

Aifidulinim etlnmgr hatSeria m* that tlu*y may he |»rtTi|itiiit.ril hy ullmli 
Halts (nee antigeii), 

Amtmerptor^ him* h<*in(ilyHin. 

AniigtriM^ fen'rign HtihHtanc’<*s (hart<*ria, profintw, tirxins, f*!r.i iiniiiimi ttliirfi 
HpiH'ifn^ antimilwtanrc^H nn- iitwflf»|ii’4 hy an iiniinal 

thenn (agglutinins, prmpirinH, imfitdxiriH, 

AntitHHlir.H^ iinnmne* liialie^s. 

AntiUhrm, Hpt*eilif* antilwHiii'H whie*h Uixin.H, 

End plm\ liiaii«»!y*dn. 

* (JKinatK Ai.KXA.NnuH in tin* uNratiiwri».Mrti|M’ Itiriimi 

of diplnlwria toxin ami antitoxin ami iHaetUH fo\in iiml iii|i|nhrria 
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Hemolysins dissolve red blood corpuscles. Two substances are usually required 
for hemolysis. One is specific, the real antibody, and is called amboceptor. The 
other occurs in every serum and is complement. Complement consists of two 
parts, one of which, the middle piece, is precipitated with the globulin; the end 
piece remains with the albumin of the serum. Only when both are united does 
complement act. According to H. Sachs, Omorvkow and Ritz there is an addi- 
tional third component,’’^ quite heat stable. According to P. Schmidt comple- 
ment is a single substance of which a portion is adsorbed by globulin when it 
is precipitated. 

Complement, see hemolysin. 

Lysins cause solution. Bacteriolysins dissolve bacteria, hemolysins dissolve 
red blood corpuscles. 

Precipitins flocculate albumin. 

Toxins, poisons which produce antitoxins when injected. 

The Nature of Antigens and Immune Bodies. 

The substances involved in immunity reactions are all dissolved 
or suspended colloids. There is, therefore, a particular reason for 
studying these questions from the standpoint of colloid investigation.^ 

So far it has been impossible to produce immune bodies by means 
of a crystalloid; a foreign colloid (antigen) has always been required. 

The proof of the colloid character of antigens and immune bodies 
has been demonstrated in numerous cases. Upon dialysis, they 
do not pass through a dialyzing membrane; the diffusibility of diph- 
theria toxin and tetanolysin and their antitoxin are indicative of a 
particle magnitude of the same order as hemoglobin (Sv. Arrhenius). 
Ultrafiltration of diphtheria toxin, toxon and antitoxin and anti-rennin 
gave similar results (H. Bechholu). The hemolytic complement of 
guinea-pig serum is inactivated by shaking with the formation of a 
precipitate (M. Jacoby and A. Schutze). This indicates a concen- 
tration at the boundary of fluid/air, as in the case of albumin and 
other colloids. The observation of W. Biltz, H. Much and C. 
SiEBERT that a bactericidal horse serum loses its bactericidal activity 
upon shaking is to be ascribed to a similar phenomenon.^ 

^ We may mention the following papers which treat Immunity with particu- 
lar reference to the standpoint of colloid chemistry : 

K. Landsteiner, Die Theorien der Antikorperbildung, Wiener Klin. Wochen- 
echr. 22, Nr. 47 (1909). 

Idem., Kolloide u. Lipoide in d. Immunitatslehre im Handbuch d. Pathogenen 
microorganism von Kolle u. Wassermann, Bd. II (1913). 

O. PoRGES, im Handb. d. Techniku. Methodik d. Immunitatsforschung, Bd. II, 
Lief. 2 (Jena, 1909). 

H. Zangger, Vierteljahrsschr. d. Naturf.-Ges. in Zurich, 1908, 408-455. 

2 It might be claimed that these substances, which it is impossible to prepare in 
pure form, are not in themselves colloids, but that they are adsorbed by the 
proteins simultaneously present in the solution and thus simulate -what colloid 
character they exhibit. For the correctness of this view no evidence has hitherto 
been presented. 
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It is held by one small jcroup of investigat<^rs that an^ 

U|K)ids or lipokkUbumia eompouuds. Siuec^ tht* part taktai by liptdds 
i!i many immunity nwdions is not d(dinit(‘ly st‘tth*tl, it is iiiifHwsiblt^ 
as y(‘t to d(d(Tmiii(‘ tlu‘ geruTal (*om‘etuc*sH of this vitav. At any 
rati‘ it has not as y(‘t Ihh'u possibh^ to immunize^ with the* lipoids 
(•hcanieally known. 

Since our knowkalj^c^ concerning thc‘ <*lu‘mical comiKisition of 
normal prott*ins is still nu'ager, what we kiunv about tiu' proteins i)f 
immune l)odit\s (‘anmd Ih‘ mon* am[de, Ac<‘or<ling bi KricHmutAt m 
dysentery toxin is ackl. By ultrafiltration, h«* prepart'd water installa- 
ble acid dysimti'ry-toxin which was nearly atoxic, though tlie suit 
obtained by dissolving tlu' acid in an alkalint' carbonate possesstnl 
tlm poisonous proiH'rties of the toxin, dda‘ expm’inumts of Fit. 
OBUHMAYnu and K. Ik Pick* intlicab' that tla* aromati<‘ nucleus in 
the antig<*n is of great importanci' for th(' tlevt'lopnu'nt aiul chann1i*r 
of the antibodk's. 

Antibodies art' uiiivtasally rt'gardt'd as albumim)us. 

Before' wt* discuss deUtHs^ ltd us intlicale a grtud misunt hast ant ling 
which at the tinu' gave* rist* to htuittul tliscussions anti chmtled the 
issut's, I'ht' (luantitativc' ndations in whit'h the substance in que.H« 
tion (mters inbi rt'action (toxins with thtnr antitoxins, !iactt*ria with 
tlu'ir agglutinins, vU\} havt' gnuit similarity to ndsorptiofi eurers 
(W, Biltz) and to tht* nentr(di::ation ettrves of tuadain wt*ak acitis 
and bases (Sv. AituiinNUfs), Tht'sc invt'stigattas laid great atrosH 
on this fact and beUt'Vtul that tiny had thus <liscovt'rt*d tin* iminre 
and th(' courst* of tlu' immunity rt'actions in (|uestion, P. Isnunieii 
raised the wt'ighty objt'ction, that tlu* reaction is spreijie, ami that 
the poisons art' very complex: diphthiTia tt>xin is tletoxicaietl onty 
hy diphtht'ria antitoxin; typliokl bacilli art* precipitatiHi only by 
typhoid agglutinin, Tht‘r<‘ is no dould that these spin’ilic prt»c* 
emm cannot be (explained liy what wt* call colltad-chemical rciitdi*iii,H 
(see IT. Bnoniionn*’^). We must concu'ivt' of tin* process as tsunirring 
in two stage's, and wt' must t'mphia^iYu* that this sharp tltHtinctioii 
doc'H not obtain in t*vt*ry t'asc. 

First Stage: Tlu' two colloids, toxin and antitoxin, barteriuin und 
agglutinin, unite' in accortlance' with the laws gtmrning oihrr eolloids, 
e.g., fiber and dye*, ami the' sjimdjie substaneu's rcind on tme another 
and it is still an opt'n ejue'stion whe'thi'r we* must reprt'seni thesi^ 
re'actions as clu*mi(*al or caialytie'. 

Second Stage. The* e'edloidal prexluct eif the* ri'action sliows phy;^tiriil 
propertic'S which elistinguishe's it from the* rc*actiiig substiinres, r.i/., 
it precipitate's. 

We cannot i'ntcr liere into the eiuestion of si'H^cific combiniifit*ii. 



198 


COLLOIDS IN BIOLOGY AND MEDICINE 


A. The Distribution of Immune Substances Between 
Suspensions and Solvent. 

Bacteria and blood corpuscles form suspensions which to a greater 
or less extent are able to attract to themselves immune substances. 
It is fortunate for the study of these phenomena that many experi- 
ments have been preformed upon the adsorption of inorganic sus- 
pensions (kaolin, charcoal, ferric hydroxid gel, etc.) from solutions 
of known composition. For comparison many investigators have per- 
formed appropriate experiments on toxins and immune substances. 

Adsorption by Means of Inorganic Suspensions and Hydrogels. 
A sign of adsorption is a strong withdrawal of a dissolved substance 
from dilute solutions and a relatively smaller withdrawal from such 
as are more concentrated. This requires extensive quantitative inves- 
tigation with solutions of different concentration. Unfortunately, 
there are but few such experiments published. It may, however, be 
deduced from the results of some of these experiments that an ad- 
sorption curve is actually involved. 

Even W. Roux and Yersin* found that calcium phosphate, 
aluminum hydroxid and bone 'black removed some poison from a 
solution of diphtheria toxin, but that the solution was never entirely 
detoxicated. W. Biltz, H. Much and C. Siebert* shook gels of 
iron oxid, chromium oxid and zirconium oxid, among others, 'with 
tetanus and diphtheria toxin, tetanolysin and a bactericidal horse 
serum. They determined a diminution in the activity of the respec- 
tive solutions, and that for the same quantity of hydrogel, the 
diminution by activity was frequently more marked for dilute than 
for concentrated solutions. Occasionally complete fixation or destruc- 
tion occurred, e.g., in the case of typhoid agglutinin. H. Bechhold*^ 
found that arachnolysin and staphylolysin were never completely re- 
moved from solution by formol-gelatin or cellulose. K. Land- 
STEiNER and his pupils shook tetanus toxin with kaolin, protagon, 
cholesterin, palmitic acid, stearic acid and lecithin; a poisonous re- 
siduum was always discovered in the solution. 

Since complement may be removed from a solution by various sus- 
pensions (for literature see H. Sachs), a mechanical adsorption is 
probable. 


Specific Adsorption. 

Glancing at the entire literature on this question, we are con- 
fronted with the great difference in adsorption capacity of the ad- 
sorbents as well as of the adsorbed substances. Although tetanus 
toxin is well adsorbed by kaolin, protagon, cholesterin, palmitic acid. 
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stearic acid, and lecithin, only very little of it is taken up by cetyl 
alcohol, casein, coagulated serum albumin, and starches (K. Land- 
STEiNER and A. Botteri*) . Arachnolysin is adsorbed more strongly by 
glacial acetic acid collodion than by formol-gelatin; glacial acetic acid 
collodion adsorbs rennin very strongly, but adsorbs practically none 
of a serum containing anti-rennin (H. Bechhold*^). Silicic acid and 
barium sulphate fix complement which, however, is also fixed by 
kaolin to a lesser extent (E. Hailer*). 

In view of these specific influences, L. Jacque and E. Zunz* un- 
dertook extensive experiments upon the adsorption of antigens and 
antibodies by inorganic suspensions. They concluded, as had pre- 
viously been shown by E. Zxjnz* that differences in surface tension 
were not alone determinative for adsorption. They found, e.g,, that 
bone black strongly adsorbed diphtheria toxin as well as antitoxin, 
though neither was adsorbed by wood charcoal, diatomaceous earth, 
talc, kaolin or clay. Nevertheless kaolin and clay adsorb tetanolysin. 
Bone black, a good adsorbent for diphtheria antitoxin, does not 
adsorb the antitoxin of tetanolysin or cobra hemolysin. 

Reversibility, A purely mechanical adsorption demands that the 
process be completely reversible. This occurs in the case of the 
slightest adsorptions of immune bodies by unorganized suspensions. 
W. Biltz, H. Much and C. Siebert* have already called attention 
to the fact that the adsorption of their antigens by hydrogels was 
only slightly reversible. Only to this extent was J. Bordet^s* com- 
parison of immune reactions to the dyeing of fiber with dyes appro- 
priate. This irreversibility has its analogies in the adsorption of 
numerous other known substances in which we assume that secondary 
changes occur as a result of the concentration at the surface; some of 
these changes are chemical, e,g.j the adsorption of crystal violet and 
of rennin by bone black. 

Of great interest are the observations of L. Jacque and E. Zunz* 
illustrating the competing action of several adsorbents for a single 
substance. They found that-d^he adsorption of diphtheria toxin by 
bone black was reversible in the body but irreversible in vitro 
[probably because of protective substances. Tr.]. The adsorption 
of diphtheria antitoxin is, on the contrary, irreversible in the body 
and reversible in vitro. Serum albumin may prevent the adsorption 
of diphtheria toxin and antitoxin by bone black. 

Adsorption by Organized Suspensions. 

If agglutinin is added to bacteria, or hemolysin to blood corpuscles 
with the same quantity of the suspension, proportionately more ag- 
glutinin or hemolysin will be combined from a dilute solution than 
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from a solution that is concentrated. Eisenberg and Volk* dem- 
onstrated this for typhoid bacilli and cholera vibrios and Sv. 
Arrhenius* and his co-workers for hemolysins (see also G. Dreyer, 
J. Sholto and C. Douglas*). 

This is illustrated by a table (after Eisenberg and Volk) showing 
the combination of agglutinin with a uniform quantity of typhoid 
bacilli and increasingly concentrated agglutinin solutions. 


Agglutinin fixed by the 
bacteria. 

Agglutinin free in the 
solution. 

2 

0 

20 

0 

40 

0 

180 

20 

340 

60 

1,500 

500 

6,500 

3500 

11,000 

9000 


The course is entirely that of an adsorption curve. 

Cases also occur, according to the investigations of G. Dreyer, J. 
Sholto and C. Douglas* in which, after exceeding a certain maxi- 
mum, less and less agglutinin is taken up by the bacteria, in spite of 
greater concentration of the agglutinin, typical abnormal adsorp- 
tion.” 

It may be mentioned, moreover, concentrated salt solutions inter- 
fere with the fixation of agglutinin (until now this had been 
demonstrated only for blood corpuscles). (K. Landsteiner and 
St. Weleck.) Analogous to this is an observation of W. Biltz,*^ 
according to which the addition of salt interferes with the adsorp- 
tion of proteins by inorganic colloids.^ 

As has been stated elsewhere, hemolysis with immune sera occurs 
through the interaction of two components; amboceptor is bound by 
the blood corpuscles and it causes the fixation of the complement 
which accomplishes the hemolysis. This is obviously very similar 
to what occurs with mordant and dye; the dye is fixed to the fiber 
by means of the mordant. K. Landsteiner and N. Jagio* have to a 
certain extent devised a model for the process; as amboceptor they 
use silicic acid hydrosol, as complement active serum or lecithin. 

Silicic acid precipitates with blood corpuscles as well as with leci- 
thin; it thus links together blood corpuscles and lecithin, concentrating 

^ In my opinion it is chiefly globulin which has been strongly adsorbed in 
these experiments, since the final portion of globulin is separated very slowly from 
dialyzed serum. 
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th(' l(‘cithin on thi‘ surface of tho hlood (*(»r|nis<*li‘8. It is vory 
ahlc\ as assuiucnl hy the iuvi‘stigators mnituauHi, that Ircathiii in tiiis 
instance acts as a sc^lvcait for tin* lipoid iticnihrane t>f the Ihocnl cor- 
puscles. Nunn*rous sinhlar nnKic*ls in \vhic*h coniploineiit was n* 
plactnl by lipoid wt*rt* suhstHpu'utly devistnl. 

Itrmrmbilitji, The <*onihinatiou of agglutinin with bacteria and red 
blo(Kl (*orpusc*h*s is |)artia!ly reversibh*; it may In* |»artial!y reunnssl 
at a hig!u*r tcaupt^rattire by washing with physiological salt solution 
(K. l.ANnsTKiNKH, KiHKNBFanj and VooKh 

Tills is (h*duced from an experinnait of J. Jtios.* II<* mixed typhoki 
bacilli bearing agglutinin with untreattsl typlnud !»acilli, and all 
the* bacilli btTann* agglutinatt‘(L Then* must huvt* Ihmui a with* 
drawal of agglutinin from the typhoid bacilli which liad been fn^ated. 
In a similar way, J. Mohcjfnuoth^ ^ dtanonstratinl tliat the combi* 
nation of umhoirptor and n*d IdtHnl e’orpuscle is partially n*versible, 
Hev(*rsibility within the (organism, wlu^re numerous varieties of cells 
occur, is of grc‘at practiiad important‘e, 

B, The Distribution of Immune Substtnees Between Dis- 
solved Colloids and Solvent* 

Tlie colloid-chcmical thcori<‘s regarding tin* eombinatkm of toxin 
and antitoxin arc* taeitly bascsl upon tin* assumption that toxin and 
antitoxin behave* like* a suspemsion <ir a hydrogc*!; thc*y prcainsr that 
Hurfaees oecnr, u|M»n whiein for insfanec*, the* toxin may eoneenirate 
in aecordunec* with the* laws of adsorption. The<»retieal liasis few this 
assumption is laeking. \ ery littk* is kmavn eoncerning the fixation 
of c*rystal!oids and of hydrosols by hptirtmulH, wh(*n no preeifiitate 
ocanirs. There* ai’e, at present, two metluHls of attaeking the probleiiu 
B.v means of ultrafiltration, 11. HKcunnuui*^ has shown that the coiie» 
lunation of m<*thyh*ne44ne wit l» serum albumin satisfies the eonditions 
of an adsorption (see p. 2oh I.. Mwuakuh and l\ lUmx liave iimsl 
thi‘ osmotic* csuiipcuisatkui mt*th<Ml in order to determine the kind of 
combination in which sugar, ('a, ete., are flxisl in tin* blocwL llofh 
methods arc* rc*cenf and had not previously beiui utili/,ed in the ho1u > 
lion of tins problem.* i hi thisaceoimt- 1 eonsifler it unprofifnble ti» di^v^ 
cuss at pri*simi the manner in whieh toxin and niitifoxin arr combiinsl. 

It may be mentioned that the toxiieantitc^xin ecunbinafkut i^ in. 
complHely reversible in part and in pari im^verstble. lb KnuiAfit 
and his pupils demonstrated by nmaerouH biologieal invesfigntiuie., 
that the* combination bidwcuui diphtheria toxin and its antitiixin 
rapidly became irreversil»lf*. 

The* n*lationH between prmpiihi and pm'ipiUihlr Muimtnmr, is some- 
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what more obvious. Inasmuch as the two dissolved colloids yield 
a precipitate when mixed in suitable proportion, we can form a 
judgment concerning the proportionate quantities that combine. 
However, this has regard for the composition after precipitation. Ac- 
cording to E. YON Dtjngern* the precipitate binds much more precip- 
itin than is required to cause complete precipitation. It is still a 
question whether this combination existed in the solution. 

C. Precipitation of Dissolved Colloids and Organized 
Suspensions, 

Serum containing 'precipitin, for instance, goat-rabbit serum, 
gives a precipitate with its antigen (goat serum). The serum is 
precipitated by the precipitin just as it would be hy an inorganic 
hydrosol or an acid protein (histone), U. Friedemann and H. Frieden- 
THAL* (see p. 157). The precipitation occurs best in the presence of 
an optimum mass proportion between precipitin and precipitable 
substance; excess of precipitable substance interferes with the pre- 
cipitation. A precipitation, according to M. Neisser,* occurs also 
in salt-free solution (which contains no globulin) but the precipi- 
tation zone differs from that in a solution containing salt. 

Though the mutual precipitation of two amphoteric colloids de- 
pends on the hydrogen ion concentration (see p. 147), specific precip- 
itations (this applies to precipitins and agglutinins) are largely in- 
dependent of it (L. Michaelis and Davidsohn). The electric charge 
of the components plays a very subordinate part in these precipitations. 

The plant toxins, ricin (from the seeds of varieties of castor bean) 
and abrin (from jequirity seeds) have a similar precipitating effect 
upon albumin. 

The conditions in the case of organized bacterial albumin are 
similar to (but not identical with) those of serum albumin. If an 
animal (e.g., a rabbit) is injected with bacteria (for instance, typhoid 
bacilli) there develops in its blood an agglutinin which causes typhoid 
bacilli in a test tube to precipitate.^ Agglutinin forms a compound, 
with the (actual) albuminous capsule of the bacteria, so that these 
behave as though they were changed from a hydrophile to a 
hydrophobe suspension. Precipitation occurs only in water con- 
taining salt.2 Though a suspension of bacteria is unchanged by 

^ This phenomenon was first observed by Gruber and Durham. Widal was 
the first to use it for diagnosis, and since, as the Gruher-Widal Reaction, it is em- 
ployed in the diagnosis of typhoid, paratyphoid, dysentery, etc. 

^ According to XJ. Friedemann it is possible to obtain agglutination in a salt- 
free solution, though this has nothing in common with specific agglutination. 
The resemblance to the precipitins is, in this respect, only a superficial one. 
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Since bacteria, like other proteins, may be precipitated by acids 
without previous treatment with agglutinating serum, L. Michae- 
Lis and Beisuasch tested different groups of bacteria (typhoid, para- 
typhoid, colon, etc.) to determine whether the result depended on 
the H ion concentration. They found that different concentrations 
of H ions were necessary for the precipitation of different groups of 
bacteria. The discoverers based on this fact, a method for distin- 
guishing certain bacterial groups. It is still a question whether the 
procedure is practical either alone or in combination with agglutinat- 
ing serum (see S. Galitzer). 

Blood corpuscles, resembling bacteria, behave like a hydrophile 
suspension whose surface is so changed by various agglutinins that 
they flock out. I am inclined to believe that a true glueing together 
occurs more frequently with blood corpuscles than with bacteria. 

From our previous experiments, we see that colloids and suspen- 
sions are precipitated not only by electrolytes but also hy colloids of 
opposite charge. It must therefore be possible to agglutinate or- 
ganized suspensions as bacteria and blood corpuscles by suitable 
hydrosols. Experiments with hydrosols of iron, zirconium, thorium 
oxid and silicic acid ^ (W. Biltz, H. Much and C. Siebert*, also K. 
Landsteiner and N. Jagic*, Girard-Mangin and V. Henri*) con- 
firm this assumption and show that as with other colloid precipi- 
tations in salt solutions, an optimum proportion between the two 
colloids must exist, or no precipitation will occur. 

It should be emphasized that the combination of bacteria or blood 
corpuscles and inorganic hydrosols is irreversible (in contradistinction 
to the agglutinin combination). 

Blood corpuscles differ very greatly in one respect from bacteria. 
Though the latter migrate to the anode showing their negative 
charge, blood corpuscles are more amphoteric. As a result of this, 
they are precipitated by negative hydrosols (arsenic tri-sulphid, 
silicic acid, etc.) L. Hirshfeld*^. A very important observation is 
that of L. Hirshpeld, that the agglutination of blood corpuscles of 
different animals by zinc nitrate follows the same order of precipita- 
bility as their agglutination by agglutinating sera and abrin. 

Ricin and abrin also agglutinate blood corpuscles, obviously, be- 
cause they precipitate their albumin. 

From our entire exposition, it is evident, that the adsorption of the 
agglutinating substance and the agglutination are two separate proc- 
esses which, in their prmciple, have nothing in common. The agglu- 
tinin changes the bacteria or erythrocytes, making them agglutinable; 

1 Colloidal silicic acid agglutinates in much greater dilution than the crys- 
talloidal. 
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the electrolyte, which itself is not adsorbed, agglutinates or flocks 
them out.^ It is therefore obvious that an electrolyte which changes 
the cells may, nevertheless, without being adsorbed, agglutinate them. 
According to J. Dunin-Borkowski*, red blood corpuscles are agglu- 
tinated by FeCJa, though it is not combined with them. 

Electric Charge, H and OH Ions. 

Numerous attempts have been made to determine the electric 
charge of antigens and immune substances by cataphoresis (K. 
Landsteiner and Wo. Pauli*, C. N. Field and 0. Teague*. It is 
so small, however, that in my opinion it cannot be definitely rec- 
ognized since traces of H or OH ions may cause a reversal of charge 
(see Bechhold*^®). 

This also applies to the results of exhaustive adsorption experiments 
with adsorbents of opposite electric charge, namely, the experiments 
carried out by Edgar Zunz with electro-osmotically purified silicic 
acid, aluminium hydroxid, kaolin, diatomaceous earth, talc, and clay 
upon toxins and antitoxins. With K. Landsteiner and W. Pauli it 
is well to regard antigens and antibodies as amphoteric electrolytes. 

The difference between bacteria and bacteria bearing agglutinin 
is clearly demonstrated (H. Bechhold*^ M. Neisser and U. Friede- 
MANN*). Though the former (typhoid, dysentery) migrate to the 
anode, the latter lose their charge on account of the agglutinin and 
precipitate between the electrodes. 

More characteristic than electrical migration is the behavior of 
toxins, antigens and immune bodies to acids and alkalis.^ From 
our standpoint, only very weak dilutions of H and OH are considered 
from such as cause no irreversible destruction in the substances 
affected. Acidity diminishes the toxicity of some toxins, but it is 
restored by neutralizing them. Kirschbaum isolated a nontoxic 
dysentery toxin by ultrafiltration and precipitation with acids; it 
dissolved in alkalis and forms a toxic salt-like combination. An 
observation made by J. Morgenroth *2 points to the occurrence of a 
salt-like combination of cobra hemolysin and also of cobra neuro- 
toxin; these neutral toxins, although colloids, diffuse through an 
animal membrane into a solution containing hydrochloric acid. 
Cobra venom may be recovered from crystalloid cobra venom salt 
by neutralizing it, yet it gradually goes into the colloidal state as I 

^ P. Schmidt assumes an additional phase; modification of the bacteria by 
agglutinin, adsorption of globulin by modified bacteria, flocculation by elec- 
trolytes. 

2 Only great dilutions of H and OH are here considered, such as do not 
cause an irreversible change in the material. 
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have inferred from the following experiments of J. Mokgenroth and 
D. Pane.*^ 

I wish to call attention to one other property which is strongly 
suggestive of colloids. J. Morgeneoth and D. Pane* heated 
cobra venom in n/20 HCl solution and determined its hemolytic 
action immediately after cooling and neutralization. The hemolytic 
activity induced by lecithin was greatly diminished but gradually 
(after hours or days) resumed its original strength. It seems reason- 
able to regard the gradual restoration of toxicity as phenomena of 
“liiaturation” since the particles of the molecular dispersed cobra 
hemolysin, gradually unite to larger agglomerations and thus ac- 
quire greater adsorptive capacity. 

Colloid chemistry offers numerous similar examples; to mention 
only the aging of dye solutions (hemotoxylin) which must occur pre- 
vious to its utilization in histological stains. The same interpreta- 
tion applies to the anologous observation upon the neurotoxin of 
cobra venom. 

As a rule the union of antigen and immune substances is inhibited 
both by H and by OH ions. Just as H and OH ions may break down 
the union of toxin and antitoxin so may they dissolve the bonds 
holding agglutinin to its substrate (Hahn and R. Teommsdorp), or 
either abrin or amboceptor to blood corpuscles. 

The influence of reaction on the action of hemolytic sera is told in 
the researches of S. Abramow, Hecker, L. von Liebermann, P. 
Rondoni, H, Sachs and Altmann, L. Michaelis and Skwirsky (see 
P. Rondoni* for bibliography). 

Under certain conditions hemolysis is hastened by slight acidity 
and retarded by larger quantities of acids or by alkalis. 

The inhibiting action of alkali and to a less definite degree, of acid, 
is evident in antigen-antibody combinations, as is revealed by com- 
plement deviation (see p. 207). Its significance is also evident in the 
Wassermann reaction. 

Addition of 1/1000 to 1/3200 normal NaOH may inhibit the reac- 
tion in a strongly positive serum; similarly, a negatively reacting 
(luetic serum) may give a strongly positive reaction after the addition 
of 1/1000 to 1/2000 HCl (H. Sachs and Altmann). 

The following findings favor the view that the physical fixation of 
amboceptor by blood corpuscles is influenced by the reaction. By 
means of alkali, the blood corpuscles may be prevented from com- 
bining with the amboceptor; on the other hand amboceptor-laden 
blood corpuscles may be deprived of amboceptor by alkalis, and 
the amboceptor may be recovered in an active condition. The facts 
for acids are not so obvious. 
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Complement Fixation and the Wassermann Reaction. 

A mixtun‘ of antii^en and imnuiiu* suhstaiitH* goat Siinirn f 
goat -rabbit scrum) lias th(‘ property of binding conipltaiuait . Iliis is 
n‘coguiz(Hl l)y tin* following: if coinpUamnit is aildt‘d to a suspension 
of rtnl blood (‘orpus(*h‘s b arnbon'ptor, luanolysis onnirs. If ihv 
coinpUaneni has pnwiously hcaui nuxt‘d with antigtii { innnnnc 
Bubst 4 ince and w<‘ tluai athl tin* taitin* inixtun^ to tht‘ blood otapusrlos 
+ amboct‘|)tor, im htanolysis oecurs. 
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This pluaionnaion, which is (*all(*d cnmpinnrnt Jitittitm or rom- 
plvnirnt (Ivriniian, was disrov(‘r(Ml by i), (iKNaan? and HtiicoKT. It 
has accjuirc’d grtmi practical significanci* by its utilization for tln^ 
recognition of antigtui by M, Nkisskh and IL S.\on8 toni* billiontli 
c.c, of human IiUkhI inay be reeognized by eoinphnnent deviation) 
and also indirectly, tlirougli n rt'aeiion nnahig<nis to tla» WnsstTOunm 
reaction for tlie ree<jgnition of Uadic infect ioti. 

A mixtun* of antigen and inunum* serum may giv<^ a pri*eipttate, 
though only wlam mixtHl in deiiniti* pro|Mjrtions, tdlierwist* this does 
not occur, ('omplcmcni fixation occurs n*gardless of tin* tHa’urreitet* 
of a pnTipitatioiu Since* complem<‘nt is e*asity adsorbed l»y many 
colloids and HUsp<*nHionH, it was natural to stip|H>Sf‘ that tin* preedpt- 
tate of antigen and immina* Hubstanees was the fixing ngi*iii, Hits 
vic‘w is hc*ld eH|HHnaHy Ity lb Fmnnnxr\x.v who attrihutos to on- 
glolndiii the* eomph*ment binding }Hnver of t!ie immum* «‘ruin. Hu* 
invc'stigations of an* tif grt*at 5nten*Ht to studt*itts cif colloiil 

chemistry. According to thesi* invest igat tons, mtielt coiiiplenieiil 
is hound wheat th<*r(* is a slowly <h*velopirig turbielity niul fnit little 
wh(*n turhidity d(*v<‘lopH mpidly. Front this ns|M*e't a delinitu tFvi^lojH 
nteni of surface* tc'nsiott favors binding <if the* i*oinph*nie*nt. Tltough 
it is prohalilt* that bineling of eatnipleanent ele|M*mlH on a physical iid- 
Hor|)tion etf the* visible* or invisible pre*cipitate. its mtadtanisin rispnres 
furtiuT e*lue‘ie!a1ion. The* obj<*ctie»n that the fixation niiiy tiecun*ve*n 
without the ap|MairaiK*e* of a precipitate* cannot defuiittdy li«* pneven. 
We* know tliat albumin partie*If*s may uggre*gale iiifei larger parficli*s 
withenitai pres’ipit niion, provieleni the* e*X(’css of eau* of the pa*ecipitat4** 
forming colloids acts as a preitectivc eadleml. thi the* other Imnd, it 
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has not yet really been demonstrated that a f)hysical fixation and 
not an irreversible chemical change occurs in complement fixation. 
Therefore, in what category complement fixation by means of anti- 
gen plus immune substance is to be placed, is still an open question. 


Wassermann Reaction. 

Complement fixation is much more obvious in the Wassermann 
reaction. When A. Wassermann began his studies, he started with 
the assumption that extract of spirochsete (as antigen) + luetic 
serum (as immune substance) must fix complement. It was very soon 
evident, that spirochsete extract could be replaced by numerous 
lipoid suspensions: — by lecithin (0. Forges and Maier), by sodium 
glycocholate (Levaditi and Yamanouchi), vaseline (Fleischmann), 
by sodium oleate (H. Sachs and Altmann), sodium palmitate and 
stearate (P. Hessberg), potato extract and emulsion of shellac 
(Munk). As Elias, O. Neubauer, 0. Forges and Salomon 
showed, these hydrophile lipoids give precipitates with the globulin 
of luetic sera which fix complement.^ 

The parallelism between precipitation reaction and complement 
fixation is very suggestive of a colloid phenomenon. It would be 
a convincing proof that complement fixation in the Wassermann 
reaction was a surface phenomenon, if it could be demonstrated 
that the reaction did not occur in the absence of a precipitation. 
This proof I gather from an observation of H. Sachs and P. Rondoni. 
They found that complement fixation by an alcoholic extract of syph- 
ilitic livers- depended upon the manner of dilution with saline solu- 
tion; diluting drop by drop, they obtained a fluid which bound 
complement strongly. If the extract is added rapidly to the saline 
solution, there occurs a weak complement fixation or none at all. 
By slowly adding drop by drop we obtain a turbid fluid; by rapid 
mixing a dear fluid. We have here two fluids, which in their ability 
to fix complement can be distinguished only by the surfaces of the 
suspended lipoids. The observation of F. Mtjnk also confirms this 
view that only alcoholic or acetone and not ethereal extracts or 
solutions of the above-mentioned lipoids are suitable for binding of 
complement. 

^ The observations of these authors are very interesting. They observed that 
even normal sera give precipitates with the lipoids, but that the range of preci- 
pitation is much broader with luetic sera and that the complement fixation pre- 
supposes an optimum mass relationship of lipoid and serum. 

2 Before it was discovered that the above-mentioned lipoids were suitable for 
the Wassermann reaction, extracts of syphilitic livers were employed. 
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P, IlKasBKiu^ ol)scrv(‘(l tliat frt'slily pn^iariHl hoIuIkhi tif .siHliuiii 
palinitate l)oim(l eoinplcam'nt., hut it. lost (his propert}/ % rojutiiiii 
heatinip This cluui|»;t‘ by nu^aius uf n‘pc'at<‘(l lirating is a charjM'tff- 
istic (‘olloid property, which (*vi<h‘utly is associntinl witti a fnignaai- 
tatiou of thc^ particl(‘s; th(‘ mon* fn‘C|iu*iitly gt^latiu, agar-a^ar, 
an^ hcatcHl, tlu^ more diffitnili it is to soli(iify thtau. rufortunately 
P. Hkssbkiu# did not dtdtTmiiu* wh(‘th(‘r the repeatetUy htmted solu- 
tion of sodium palmitatt^ reeovtTt*d, on long standing, its ability to 
fix complemcmt. 

ANAPHYLAXIS, DEFENSIVE FERMENTS, AND MEIO- 
STAGMIN REACTION. 

Anaphylaxis. 

If an animal (e.f/., a guinea |)ig) is inje<*t<‘d with antigen horsi* 
serum) ttuav are no stHpuTe. If th(‘ inj(‘etion is repi‘atetl after an 
itit(‘rval of about M days th(*n‘ occur serious symptcHus (»f poison 
ing (convulsions, rise* of ttanpiTattin* and n*spiratory disfrejnsi whii*ti 
fnHiuently terminate* fatally in a ft*w minutes iannpliylaetic* shockl. 
This condition inductnl by th<^ first injesiion of Hcrum or ba«deria is 
calknl anaphylaxis (inductsl d(*fens(*lesHnt*sH the* revi*me iif im- 
munity), Human ^^senun sickness’' is alsf» a pheimmfuaaj of ana- 
phylaxis wliich app(*ars after the* repeat<*d injection of curative sera 
and manih'sts itse^If in <*ryth<*mata, sw(*lling the lymph titnles amt 
joints and mod(*rat(* risers td tt‘inpt*rature. Anaphylaxis is strongly 
sp(*cific, which means that it occui*s only upon r<*peHte«l inject iruH of 
th<* same* prot(*in or tin* saim* strain of bacteria. 11a* s|H*citif*ity is 
HO absolute* and tla* (|uantita*s napunal ho minute, that likt* prectpila* 
tin r(‘actionH, anaphylact ie^ plu*nomena may be employeil in dis- 
tinguishing tracc»H of liuinan from animal bI«M)d or iti dtlecfing 
adultera-tioeis, 

Fitinniiniionit and liis coworkers wt*rc* sm*cessfut in preparing the 
aimpliylactic |K)iHon (anaphylat<ixitt) ontsiile thi* boily, in vitro. If 
an animal (ca/., a guiiu*a pig) is inj(a*ted with antigen f'r.fi., Immo 
H(*rum) antibody app(*Hrs in t-lie IiIocmI after a: time, Fiiir:niir;iiiU’:ic 
proceeded from this fact; la* mixed antigen and antibody in a fesi 
tnlx* and oldaiiaal a prr‘t*ipiiate from the ntixiiirt'. By iltgi-uing 
the pn*cipitate witli guinen.-pig si*rum fwltteli always coiitain.H I’oiu ^ 
|>l(nn<*nt) la* oldained what lie designatisl us timtpliijlttiofiii, 

Hinec* p(*ptcHa*s pnahna* phenomena rt^sembltng aimpliylatUie shoi’k, 
it was thouglit that pi*p!om*-likt* products were H|>lif. ofl, |a*riiii|H l.»v 
f(*rm(mtation in the interaction betwtsm anlilaiilies ainl mitigian 



210 


COLLOIDS IN BIOLOGY AND MEDICINE 


This view, still held by Friedbergek, regards the appearance of the 
anaphylactic poison as the result of a fermentation of antigen by 
the degradation action of complement resulting from antibody 
fixation. 

It was a surprise to find that the anaphylatoxin might be prepared 
even without antibodies as when guinea-pig serum was digested with 
bacteria; and even by digestion with colloidal carbohydrates (agar, 
starches, starch paste, pectin and inulin).^ [The work of Vaughan 
and Novy on the protein poisoning should be mentioned as well as 
that of R. Weil on the mechanism of anaphylaxis. Tr.] 

H. Sachs and E. Nathan demonstrated that the physical state of 
the poison-producing substances was a determining factor. They 
employed inulin as absorbent. This carbohydrate is practically 
insoluble in cold water though it forms a clear solution without 
pasting in warm water. Upon mixing guinea-pig serum with a 5 per 
cent suspension of inulin, a serum was obtained which produced the 
severest anaphylactic shock when injected into guinea pigs, though 
no toxic substance resulted from the mixture with inulin solution. 
Pastes have a very extensive surface development, consequently, 
anaphylatoxin is formed best with starch paste. H. Sachs and E. 
Nathan find in these experiments decisive confirmation of the 
physical theory of anaphylaxis first proposed by H. Sachs and Ritz. 
According to them, antigen is not the mother substance of anaphyla- 
toxin, which is not newly formed, but which exists preformed in 
normal serum. This poison becomes active by the adsorption 
(separation) of a substance as yet undetermined. In the case of 
artificial anaphylatoxins, bacteria and carbohydrates serve; in true 
anaphylaxis, the products of antigen and immune body act as ad- 
sorbents, The specificity of anaphylaxis is thus explained since only 
the specific antibody formed causes a precipitate with the antigen. 

Protective Ferment. 

The remarkable relation between immunity reactions and pro- 
tective ferments should be mentioned here. E. Abdbrhalden con- 
siders under this term the ferments which destroy and render 
innocuous -species-foreign proteins, entering the organism parent- 
ally. Since the connection between protective ferments and colloid 
research is still unestablished we shall merely refer to the work of 
E. Abderhalden.- 

^ It is not yet definitely established that anaphylatoxin may be made by 
shaking inorganic suspension with normal guinea-pig serum. 

2 [D. Van Slyke has thoroughly discredited the Abderhalden reaction with his 
nitrous acid method for the quantitative determination of amino acids. Harvey 
Lectures, 1915-16, p. 170, Lippincott, N. Y. Tr.] 
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The Meiostagmin Reaction. 

M. As<'()LI and (!. Izah foiuul that. HuhHtatuH\s wliicli knvt^r HurfacH*, 
tension of tlio solution an^ fonnetl in tin* react ion hetwiHUi antigtnis 
and inunune l)odi(\s. He determined this with Thauiik’s stnlng- 
mometer l>y counting tlu^ drops which fornuHl frinn a ineasureil 
(quantity of fluid. ^ Whim, for instance^, he mixetl an i*xtnict of 
typhus bacilli with normal sianim aiul with tht' serum of typhoid 
patients, 10 c.c. gave 58 drops in th(‘ fornaw instaiUH* anti <H in 

tlic latter. M. Ascoli consithu’s it to be a gcm*rnl reaction anti has 
employed it in the serum diagnosis of various conditions (syphilis, 
tul)erculosis, ancliylostomiasis and eclunococcus infmdion). It has 
not been generally introdutM'd as a means clinical diagnthsis of inft*c- 
tious dis(‘as(* simu* tlu'. Ua’hnic is so pretust‘ that the dilTerences art^ 
within tlu' limit of (UTor, but it has be(m mon^ fr(H|uently emplcwed 
in the detection of malignant growths. I'wo dilutions of the stuann 
an^ prepannl, ont‘ with waUu' and tlu' otluu' with an cMptal epmatity 
of tumor extract (naamtly Asooia canployed ricinohac* aciti or linoleic 
acid, etc.). If tlu' numb(u* of drops an» larger in the* la! tea* mixture 
than in the fornunx then* is a pr<‘sumption that tin* serum is from 
a cancer patamt/*^ 

* Mt'ioHtagruiu r<*ac( itsi renniiea (»f srnalh'r nhM drops. 

^ [K. P. Bkhnstkim and Iuvlvu H. Simons, afttT rovi«*wing thr ltO*ra» 

tun* aiul th(*ir p<*rsonal c*xp<*rion{*»*, hav«^ tiisrurdod th«* Mt’ioHfnijjintn rnnaitm m 
(dinically. Ariu*r, J<mr, Mini. Hd., v<»l, 1 12, p, seVi, ti Atq. dVd 




An uHtorisk (*) nft<‘r an uutliorks nartin r(*f(‘rs to a r<*fi*rt*nc<» in irnlnx uf 
nanu‘H. 

PART in. 

THE ORGANISM AS A COLLOID SYSTEM. 

The Significance of the Colloidal Condition for the Organism. 

liia’HNTLY, I H'iul in a Kr(*n(‘h iiiaga5'am% a fantastic* clrscaiptidii 
of a visit t(» tlu' Martians, 'riu'y wt‘n‘ pictunal ns man with iron 
faces; with a grc'at hill replacing tiu* nosi*; thrt*e glass eyes and 
joints and limbs of iron. Why did ncd tin* artist construct his 
p(H)pI(‘ of a mait'rial actually found on that plant^t? If we assume 
that life (exists on oth(‘r plam'ts and disn'gnrd the tht*ory of pnii’- 
Hpermog(aa‘sis ' acc{‘pt4‘d as jn'ohahh* by Auuhknu s, /awi it is 
probable* that life* is associah'd with suhstanccH similar to those witli 
which it is associat(*d on emr (*arth. One* thing 1 vmi assert, ihtii 
whatever the material eamp(mition of mich living Ini'ngs mag Ih\ it mud 
he colloidal in nature. 

Theses iron Martians could no more* <*xiHt than ceadd (*ryHtalli/ 4 *d 
lif(‘. What condition of matt<*r, oth(‘r than tin* tadkadal, could 
adopt such chang(‘ablt*, such plastic shape's, and ye*t, whe*n neca*ssar>% 
1)0 in a iHisition to maintain th(*m. 

An (‘xchange* (d substance* may occur in je*l!ie‘S as wt*U as in a fluid; 
in the latt(*r the* ic’ast Uaie'h, an unintentitau'd moveane'Ut, cUsturbs 
the re'Hult of difTusion and brings about tin* d<*Ht!i at the* system; 
the (dmngc'H in a j(*lly are* nxe*el as in a solid mass, ( ‘cdloids may fejrm 
|K*rmeud)le‘ walls or me*mbrane‘H, whose* perme'alality Is regulateel by 
the* Hul)stane’e*H which i)aHs thremgh thi'in; tlius, for instaiu’e, the 
sulphate's whie*h are* le*sH im|K)rtunt to the* eerganism close* the passage’s 
on themse'lve'H; tin* chle^rids fae’ilitate the*ir own e*ntrnm*e. 

FoeKls e*nte*r emr elige*stive* tract in ceelleminl caenelitieen, as idfannin 
and starclu's. Made* fluid and e*asily difTusibh* ley the enzymcH, the*y 
|>e*n(*trate* the organism in ord<*r to Is* fixeel nnel again transformee! 
ink) (xdleeidH. In that eeenditiou only are* the*y retaint*d hy the or- 
ganism and imtv(»nte*el freem flowing away. ( kelheitb, be*ca,use* of tliiir 

^ Amerdiag te tliis th«ery, it in e<enc*eivHhle tlmt i|i*raif< of lifo triivef from tifu^ 
plarif't tee aaothe*r and that thry <lf‘vclf»p tln’O* tnal«*r fiivorahlo 
so that, to a e.^eertaia e*xte»nt, ntw star infe^rts lamfhfT emt* ttifh Upi. 

•iia 
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mrjacv devvlopmvnt, uuitr tin* atlvnutnK<‘H <»f thv stilki t*unditu»u with 
that of thc‘ fluid : t»hst‘rvt‘ ftu‘ a iiuaiuait a luiuintaiu idinihor, a iVvta' 
patic^nt, or a trot* iu tho spnu|i:tiuH% whioh is ihndvrd witli Iravrs 
iu four <a* fivi* days. What oaurnunis aiiHauits uf rluauiral onorgy 
an^ (‘xp(*udiHl In* tha nuamtain ahiulMa* iu a. iVw hours, what lariat* 
(juautitic's id' prtdi'iuanMU a shtwi timo ruusuint-il liy tin- fovor patii'ut, 
what largt‘ iiuautitit^s of mattaaal an* t-arritn! ti\ auil friuu tho poripli- 
(‘ry (4 tli«‘ triMa With tht* h*ast li»ss of tiino tin* r<*M*rvt‘s must 1h* 
mohilizi'd and (‘arritHl ti» th«» st^at of \vai\ thi‘ plai’os u lim* I hoy art* 
eousuuuHl. Sutdi a rapid mtildli/aititut uiithiukahlo iu thi* i’usi* uf 
a solid rrystalliuch witli its >mall Htmfaot*; a tdaauiojd prtH’t*ss in a 
svvolliii fidloid may only taampy miuutos, whon%as tht^ sami* n%nrtu»u 
iu a shnmkiai rtdhail n*i|tun*s days. 

How WiHuli'rfid in' unauis of tid fa ptum is tho art ion of surface 
(tvcclapuivui as a tiyutatiun mcchnnoan, Imxils rousumptiiiu ttf fotHls, 
salts, oxyiijcap arr rxrrrtrtl as tpurkly as |ios.dlilr Iw tin* taithuil 
(‘ompouiads i4 th<‘ hody, but wluii tlir su|ip|y roasrs, tho aimamt 
givim olT InTiuiii's loss nud whru tlirro is a driirirurv tho orgauism 
truariously rotaius tin* last trnrrs for its timt* of ms d. 

(jiunuiitativrly, tho sul»stniiro tuosf im|M»rtatit for I hr orgaidsui is 
water; colhatl aiul watrr arr om* iu thr organism; an organism 
without watrr is lifrlrss. \Vt* ran imagiur studi an iutimutr and 
varying ndation \o waiter only in a rollrud systrm; thr pnirrss of 
meellinip thr adstjrptioti of watrr, ami shrinkum to roiiiplrtf* ihn nrss 
exhibit no Iraiw 4»r smldm rhangrs in ronditiou, If wr rompan* 
erystallcnds with rt jlkikls, wr shall srr that somriliing rntiody mnv 
with vc*ry rhaugrd prtjprrth*s. a solid rrysfallt»id prrripitatr, npiirars 
fnwn a Holution U|H»n losing wat**r. Stjrh a sysirni wouhl br unitblr 
to maiutiuii naTrrtly tin* ronstaiitly osrillating wntrr balanrr and 
thi* uonnal tamdilion <4 swrlling in llir orgiinisrm «ir to art ns an 
aceumalatitr of large quantitirs of watrr, likr ninsrlr. and rrirasr it 
for use whrn urresHiiry. Siirh a sysfiin roiild not, lilo^ii |wii, nmaaih 
md the irregular ehemirnt impulm-s, whirli the organism ex|a*rtian*rs 
m the rc^Hult «4 pliysiologieal and |iafht4ogiriil life jirta*i*sseH, and 
whirh, after iilwirption, ronataiitly restores its stiite of swelling t«i 
nomml byineaiiH of serndion (kidiiry, skim 

W(* thuH Her that the finw’eHaea whieli riiiise iis to iiifir%a*l at thi* 
wcaitl<*rful luliiptiiliitity of Nature n\si niam fht* siitipli* laws npplirable 
io eolloiclH. Thus it is that I am unable to iinagtm* I lint flir rum- 
pliratc»c.l and ailaidive phrnomrnaof Lifr rouhl jawibly !m» iisi^oriatrd 
with any ollu^r than a r<4IoidaI systium 
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METABOLISM AND THE DISTRIBUTION OF MATERIAL* 

The Distribution of Water in the Normal Organism. 

Tick (wlic'st stagtnH in the dc^velopment of lifi^ an» neeoinpiinied hy 
powerful pro(H‘ss(‘H of Hwc'Iling which hchhi rt*iieh a maxiinuiiii aittl 
tlien pans ovct into a slirinking, which h(H*onu'H progn^HHively greatiT, 
until (haitli occnirs. In thc^ canes of plants, the* struggle for water l>e- 
twecai sihmI and soil starts with gtaanination (A, Muntz*). C trowing 
and full-grown plants show a ccTtain turgor, or., a fulntw or tension 
like a disttauhHl ruhluT halksm, while' a dying plant is withered and 
poor in watc'r. 

A thrcH' nioniliH^ human ft'ius contains pc'r ct'id water; at birth 
tht' water eonttaii is from tih to titi pt'r ctad ; in adult life oH per eeiit.^ 
1 am not acc|uainted with any figure's of the' watt*r e^eaitent of flit' agUd, 
Init it is ge'nc'rally and witli jnstie'e* asstiine'd, that in oltl age', the' 
wate'r eonte'nt de'crt'ane's*/ turge'seeauM' in ge'iH'ral, and eif the' skin in 
particular, is edwienisly lost, '^rhe* organism, take'U as a wlaih', dur« 
ing its life ewide'ntly passi's thremgh the' enirvi's of Hwt'lling anti shrink- 
ing of an ine'lastie ge*L In individuals of the* same* speeii's, the wate'r 
eonte'nt is probably fairly cemstant feir tin' same' pi'nini of life. 

The wate'r eonte'nt of the' inelivieluul |H»rtions of plants anel of simi- 
lar organs of difTe*re'nt plants varU*s re'markably. Though jelly»like 
protoplasm eemtains from CM) U> IH) peT es'iit t»f wati*r. the dry wall t»f 
ligne'ouH ee'lls takes up from 4H teii ol pi'r ee*nt, while tht* jelly-like' 
mc'mbrane'H of nostoc'ae'e'se and palnn'llaes'ii' nlisorb ns muc'h ns 2tMl 
|)er c'e'nt of wate*r, lU'cording to Naokui; on the* oIIut hiiml, t'ork 
me'mljranes have' hardly any swi'lling e'upae’ity at nlL 

The reaistaiu'e' e>fT«'n*d to lems e>f wati'f is I'Xeeptieniidly variable. 
It may be' saieh witli t'e'rtain e'xee'ptions, that |itants are inneh metre 
re'sistant tlian animals. Especially tin* lower fttrms of life, parlieta 
larly the* speirc's of Itaetc'ria., yi'asts. algie, meisse'S and seesls may Itear 
almemt eom|)Ie'te de'hyelration witlunit dying. Loss of wate'r is often 
of grt'at biedogieal signifieanee' for plants. It mnke'S spetres and se*eeis 
Ic'HH HC'iisitive* to change's of te‘m|H.*ratun'; anel in the e'lise «»f finite 

* 11a* gr<*at«'r %viiie*r rent eat etf tin' iialivichiii! tht* unrlmm m rine 

tnwteHi with thtise* of miitiin w i*aiw*eiaUy «*vith*at fraia tlee tiihl*‘ie eif K, llwrlii*!!.* 

2!5 
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higher plants, the spreading of the seed pods upon drying leads to 
movements which serve to distribute the seeds. Best known is the 
^^blooming,’’ or the swelling of the Jericho-rose.^^ Higher animals on 
the other hand are very sensitive to losses of water: frog^, according 
to Kunde, may withstand a gradual loss of water up to 30 per cent, 
but, if they are rapidly dried, they perish when the loss is only 18 
per cent. In the latter case, there is evidently no time for an equali- 
zation in the distribution of the water. Thirsting human beings also 
show great losses of water, though of course, there are no data as to 
the lethal point. A. Durig informs me that, after a forced march 
in hot weather, he lost 5 kg. of water. The investigations of N. 
ZuNTZ and Schumberg on marching soldiers, as well as those of N. 
ZuNTZ on mountain climbers, showed that exercising men lost water. 
Roughly measured, the water ingested after forced marches does 
not replace the water lost. We may say here, anticipating some- 
what, what animal experiments of H. Gebhartz* show, that the loss 
of water affected primarily the musculature and then the fluids cir- 
culating in the organs. 

Freezing (gefrieren)^ has an effect on the organism similar to the 
withdrawal of water. It was formerly believed that the formation of 
ice burst the cell walls or tore the protoplasm, and the damage from 
freezing was ascribed to these gross mechanical influences. It was 
shown by the investigations of A. E. Nageli, W. Sachs, H. Molisch, 
and Muller-Thurgau that these views were false, that usually 
there was no formation of ice in the cell, but that the ice crystals 
grew between the cells in the intercellular spaces. P. Matruchot 
and Molliard* studied plant cells and found that the phenomena 
observed in drying or plasmolysis resembled those induced by freez- 
ing (erfrieren). H. W. Fischer,*^ as the result of exhaustive studies, 
reached the conclusion that the damage done to animals and plants 
by freezing them (gefrieren) was analogous to the partially irre- 
versible changes produced in gels by glaciation. He believes that 
the adsorption of electrolytes in particular is thus affected unfavor- 
ably. If a solution of potato starch is frozen and then thawed out, 
the electrolytes may entirely dissolve again but the starch has 
become insoluble. Frozen leaves present an analogous condition in 
that the chlorophyl is no longer retained. In this valuable work he 

^ Freezing (erfrieren) and glaciation (gefrieren) must not be confused. A plant 
or an animal freezes if life processes cease by reason of the low temperature. 
This temperature depends upon the nature of the organisms involved, and in 
the case of warm-blooded individuals is usually far above zero; in the case of 
other organisms (seeds and spores), however, it may be far below zero (—200). 
Glaciation always means ice formation. 
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shows that the condition and age of protoplasm when frozen, ix., at 
the lethal point, is similar to that observed by van Bemmelen in the 
drying of colloids; when the latter are frozen, they become optically 
inhomogeneous, and their staining capacity changes. 

For normal functioning there is an indispensable normal water 
content for every individual or- 
ganism and organ. 

The total water content of an 
organism gives us an idea of its 
water requirements; the water 
content of the individual organs 
informs us about the distribution 
of water in the organism. 

A clearer idea is obtained by 
observing the distribution of 
water in animals especially in 
mammals. In Table III (see p. 

219), I have compiled the water 
content of the different adult organs 
from available data. Table II 
(p. 218) shows the distribution 
of the total water content (100 
per cent) in the various organs. 

I have placed the proportionate 
weights of the organs to the 
total weight alongside for com- 
parison. The data in Tables I 
and II show far-reaching differ- a i c 

ences (see especially Skin in Fig. 37. Spirogyra: a, before the ex- 
Table II), for which age and nu- Perimcnt; 6, frozen; c, after thawing. 

, ... ,... .I-, (From H. Molisch.) 

tntive condition are responsible. 

In healthy animals and men, there is a definite swelling ratio for 
the individual organs, a dynamic equilibrium. The maximal varia- 
tion of normal swelling^ more or less, is called the swelling range} It 

1 Definitions: 

Swelling capacity is the maximal capacity for absorbing water, expressed in 
W (weight of water) 

D (dry weight) 

Swelling is the water content of a gel or an organ expressed in 

W 

D * 

Swelling range is the greatest variation in the capacity of an organ to absorb 
water under different conditions. 

• W (maximal weight of water) — W (minimal weight of water) 

D * 

A normal swelling range and an abnormal swelling range exist. 
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TABLE II. 

Percentage Distribution op Water in the Individual Organs. 


(Entire water in tlie organism = 100 per cent.) 

(After A. Albu and C. Neuberg,* Bischoff,* Engels * and A. W. Volkmann.*) 



Human. 

Dog. 

Distribution of 
total water in 
each organ. 

Weight of organs in per cent 
of body weight. 

Distribu- 
tion of 
w’-ater in 
each organ. 

Weight of 
organs in 
per cent of 
body 
weight. 

Blood 

4.7—9 


4.9 

8.27 

7 

Fat 

2.3 

Newborn 

13.5 





Man 

18.2 





Woman 

28.2 



Skin 

6.6—11.0 

Newborn 

11.3 

11.58 

16.11 



Man 

6.9 





Woman 

5.7 



Viscera: 






Intestines 

3.2 

Man 

4.1 

9.68 

8.18 

Liver 

2.8 

Woman 

5.4 

3.86 

3.60 

Lungs 

2.4 



2.83 

2.36 

Spleen 

0.4 





Kidneys 

0.6 



1.01 

0.85 

Bony skeleton 

9—12.5 

Newborn 

15.7-17.7 

9.08 

17.39 



Adult 

15.9 



Muscles 

47.74—50.8 

Newborn 

22.9-23.5 

47.74 

42.84 



Man 

41.8 





Woman 

35.8 



Nerve substance: 






Brain 

2,7 

Newborn 

12.2-15.8 



Spinal cord 


Man 

2.6 

1.59 

1.37 



Woman 

2.7 



Remainder 

11.0 






is very small for the skeleton, the blood, and the intestines, has a 
middle value for the viscera, and becomes higher for skin, muscles, 
and kidneys. 

This was deduced especially from the experiments of Engels.* 
He kept dogs without food four days and determined the water 
content of various organs (normal animals). Another series of dogs, 
after the same preliminary treatment, received an infusion into their 
jugular veins of 1160 gm. physiological salt solution (on the average). 
Three hours after the termination of the infusion, the animals were 
killed and the water content of the organs determined (water treated 
animals). 

In the following table, the percentage of the water infused, that is, 
recovered from the individual organs, is shown in column A, and in 
column B is the percentage increase in weight of the several organs 
in terms of their own weight: 
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(Basis of the swelling range.) 



A. 

B. 

Muscles 

67.89 

17.1 

Skin 

17.75 

11.9 

Liver 

2.96 

8.9 

Intestine 

2.25 

3.0 

Lungs 

1.97 

9.0 

Blood 

1.55 

2.4 

Kidneys 

1.41 

17.9 

Brain 

1.13 

8.9 

Uterus 

0.28 

10.0 

Lost in bleeding 

2.82 

100.01 



TABLE III. 

Water Content of Various Human Organs in Per Cent.^ 
CAfter Albu-NTeuberg,* Bischoff,* Halliburton,* Pribram, *>■ Rumpf.*) 


1 

Adult 

(normal). 

Child (normal). 

N — Nev^born. 

2 M — 2 months old. 

Adult (pathological). 

Blood 

Pat 

Viscera: 

77.9—83 

29.9 

N85 

90 and more (Anemia) 
75.5 — 83.9 (Nephritis) 
73.2—66.5 (Diabetes) 

Intestines 

73.3—77 

N83.1 

2 M 75,5 


Heart 

79.2—80.2 

N 83.3—93.1 
2M80 

79.2 — 80.4 (Nephritis) 

Liver 

68.3—79.8 

N 80.5 

2M73 

68.5 — 87.3 (Nephritis) 

Lung 

78—79 

N82.6 

2 M 79.4 


Spleen 

75.8—86.1 

N78.4 

2 M 77.7 

90.6 (Nephritis) 

Kidneys 

77—83.7 

N 85.7 

2M81 

84.8 — 88.2 (Nephritis) 

Bony skeleton 

22—34 

N32.3 

2 M 62.3 


Muscles 

Nerve substance: 

73—75.7 

N81.8 

2M71.7 

80.9 — 83 (Nephritis) 

Brain 

75—82 

N89.3 

2M89 


1 I nave omitted the figures for skin; they vary for different authors between 31.9 and 73.9, be- 
cause some have given the water content of skin deprived of fat and others that with the fat attached. 


Since, in the dog, muscles constitute 42.82 per cent and skin 16.11 
per cent of the total body weight, these organs under normal con- 
ditions actually store up, respectively, 47.74 per cent and 11.58 per 
cent of all the water in the body. As a result of their great swelling 
range, tlie two chief water excreting organs, the skin and kidneys, the 
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muscles, most of all, are able to accumulate large quantities of water. 
In Engel's experiment they took up 2/3 of the water supplied. 

If water is supplied to the organism, the blood, on account of its 
low swelling range, gives off the excess chiefly to the muscles and 
skin; it parts with some to the glands, chiefly the kidneys. On this 
account, saline infusions after a severe loss of blood have usually 
only a temporary effect.’- Muscles and skin behave like a reservoir, 
the blood, like a rigid pipe system, from which, if the pressure is 
sufficient, excess of water constantly flows through a small vent. In 
carrying out this wise arrangement, the organism utilizes the various 
swelling ranges of the organ colloids. 

Though I have used the above picture of a rigid pipe system for 
the blood, it is not strictly accurate, for the blood has a small 
swelling range of its own, as we see from Engel’s table. This may 
be attributed to the fibrinogen^ as we learn from the following 
facts. The required data I have taken from E. Abderhalden 
(pp. 592-593).*’ 

The water content of various animals is: 


Per mil 

In the entire blood 749-824 

Serum 902-92G 

Blood corpuscles 604-633 


From this we see that when the water content of serum increases 
2.6 per cent (from the minimum), it reaches its maximum, and the 
blood corpuscles reach their maximum with an increase of 5 per 
cent. The entire blood on the contrary has a swelling range of 10 
per cent. There must therefore be something in the blood that 
swells especially well and the only possible substance is the fibrinogen. 

Let us compare the maximal and minimal content of water dis- 
tributed between serum, blood corpuscles, and the whole blood in the 
identical animals. 

Max. = maximum water content among the various species of 
animals. 

Min. = minimum water content among the various species of 
animals. 

^ Attempts to hold the fluid in the vessels by the addition of colloids have 
been unsatisfactory. A more favorable result is obtained when 14 grams of salt 
and 10 grains of crystalline sodium carbonate are administered either intrave- 
nously or bv rectum (J. J. Hogan and M. H. Fischer). It was accomplished 
through reducing the swelling of the other tissues by hypertonic saline and neu- 
tralization of acid by the alkali- Cholera collapse, which results from the water 
deprivation by reason of diarrhcea, may be successfully combated by hypertonic 
saline infusions (Roger) ^ [W. M. Bayliss and M. H. Fischer have recommended 
the use of gum arabic solution, and it is being successfully employed at the front 
in the present war, see p. 137. Tr J 
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I 

I 


('at. . . , 
Ilorno I 
Sh(‘aj> I 
Rabbit. 


b2r>'' u» (iuax. ) 
1H)2‘V ou (mill. ) 
ni7“ ,u, 

925“ „n 


( 'urjHlMfltH. 


I'iiitiro bhuttl. 


ii2l'* ui. 

tua*' ,H. 

b(U" „tt (mill. ) ; 
baa" ,H! (max.)' 


79 : 1 " ,H, 

7 19" ,Hi (min. ) 
N2I" ,m 
.S17", uu 


l'h(‘ s(‘rum of tlu^ cat had n \vat(‘r (‘oii(t‘ut than that of (ht‘ 

othor auiinaLs (‘X|H'rirmait{Hl upon; tin* forpusch‘s also liad a high 
watiC^r coutcait, though not tlm higlu\st ; the* (nitir(‘ blood, how- 

ever, is only a litth* aI)OV(‘ th<^ avi*rage. For Ilors(‘ I, scanun and 
(Uitire blood have' nnninnun vahnxs and th(‘ eorjiusehxs a. low but 
by no intauis the lowixst value. In tin* east^ of She(‘p I, th(‘ (‘utire 
blood rtai(*liic‘s a, rnaxinnun, wlaaaais tin* blood eorpuseb^s show a 
ininiinunti, and the sianun poss(‘Sst‘s a water (‘onttait a litth* above* 
the* average. With the* rabbit, th(*ro is a high wat<‘r eontead in alt 
portions. From this we lexarn that a substanee pos.s(‘s.sing a gnad 
range* of swi'lling (‘xists in tin* whole blood, nanu'ly. t lu* yd/r/b/ee/e/o 
W(‘ nrognizi* further, that tin* <*I<‘m(‘ids of (la* blood possess a 
tain (‘lastieity, whieh snio<dh<*s out the* Hurt nat ions in th<* watc*r 
contend., and which shows itsi*lf by eif tlie waten* phniitude* 

or pove‘rty in the* various e^Iennenits of the* blood, eh‘p<*neiing on 
wh(*tlu‘r ih{*re‘ is a supply or a withelrawal of wa.te*r, a sw<‘llireg ta* a 
shrinking. 

The* follejwing swe*lling rangi*s are* found for the* various (‘l<*m(*nts 
of the* blood: fibrin > whole* blood > (‘orpuse’lexs > seumm. It would 
1)(* elt'Hirable te) have* inve'stigatiems of the* wate*r eonte*nt eif the* elilTer- 
cni (*le*me*nts of the* blooel in the* same* animal before* anel afie*r watea 
has l)e(‘n givt*n. 

What iH d ihea, that dvtvraunvs thv watvr naitmt or sirrtlhoj of an 
organ'/ lhuloubtt*dIy e*acl* organ t*oIloid has a de*hnite* .sirrlting ca« 
paciti/ and a d(*finite‘ sinHintj rangr, A priori, we* may assume* iliat 
the* colleads of muse‘le’H swell more* than those* (»f the e‘pid(‘rmis. 
Without doubt, the* stravturv of the* give’u c’olloid is also a factor. 
W. PeKKFUR*" ilov, rif. I, p, (U ) jeistly emphasi/,i*s lla* cHst ine*tioii 
lH‘twc*(‘n water of sitrllintp cons(*c|u<*ut upem the* hyelrophili* state* of 
the* Hwe*lling Hulistancc*.s anel the* watrr of Inihihifion, whii’h is elrawn 
up iid*o the* e*apillary inte*rstie’t*s ns iido a sponge*.* 

F. Piuhham"*^ lH*lie‘ve*s that the* swelling of proteipinsm in its true* 
scniHc*, iw , of till* as.similate*d (spc*cb*s-native*l <*oIloiels(d the re*!! ist’oti- 

^ W. IVarmt it F free**, «if vvutrr <»f ifiibibiliun it»r .'nl- 

lH*re*tit. wat«*r'l umi of ’* UHte*r nf imliibitiem, y<*! lie* irilrafb the* m.uio 

dirttiactimi iliai I luivi* i{iilirale*<l hIhivi* 
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stant. Only the swelling of the nonassimilated reserve substance is 
variable. This view, it seems to me, receives its chief support from 
the findings of H. W. Fischer and P. Jensen* on muscle, which is 
treated more thoroughly on page 291. According to their findings, 
water occurs in muscle in two phases. One has a constant value 
and is closely associated with the viability of muscle (conditioned by 
the integral muscle protoplasm). The other phase varies in the ex- 
ercising muscle and is only loosely bound (water of swelling of the 
reserve material). 

Besides these factors of swelling which are inherent in the organ 
colloids under consideration, there are others which are to a certain 
extent impressed from without The natural salt content as well as 
the products of metabolism, especially the acids, are determinative of 
the swelling of a tissue. Acid formation in an organ (e.g., CO 2 or lactic 
acid in active muscle; CO 2 in blood corpuscles) increases its swell- 
ing capacity. If we observe that the potassium salts predominate in 
one organ, and in others, the sodium salts, or even that there is an 
accumulation of salts in a certain portion of a single cell, we may 
conclude from that alone, that the water content also depends upon 
such concentration. Potassium salts increase swelling; Ca salts 
deplete (E. Widmark*), and according to R. Chiari and Januschke 
inhibit exudation. 

When the loss of water is very great (cholera, infant diarrhoeas), 
there is an increase of potassium salts and phosphates in the urine. 
From this it may be assumed that Na salts replace the K salts of 
the muscles, and at the same time water is given off. According to 
E. Pribram, *2 this occurs in order to protect more vital organs, espe- 
cially the brain, from loss of water. 

Little is known concerning swelling from a biological point of 
view. On this account, an observation of H. Paul* seems especially 
noteworthy. He pointed out in the case of peo,t mosses that the high 
moor sphagnum is able to absorb much more water than the low moor 
sphagnum. For example, sphagnum molluscum absorbs 27 times, and 
sphagnum platyphyllum absorbs 16 times its dry weight of water. 
In the same paper we find that the high moor sphagnum contains 
much more acid than the low moor sphagnum, and that the former 
are much more sensitive than the latter to the action of alkalis, lime 
and salt. From this it seems to me we may certainly infer that 
swelling of high moor sphagnum is greater than that of low moor 
sphagnum because of its greater acidity, and that the damage it 
suffers from salts, etc., may be attributed to the alteration in its 
normal condition of swelling. 

We shall see that abnormal accumulation of acid in the tissues 
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rcHults ill tlu^ir swt‘lliug or cd(‘imi. We recogui^^c* from tiiis, tliat 
dyuami(‘ hulaiun^ of th(‘ swi'Iliiig is depeiidiait upon th(‘ uorinal 
cour8(‘ of tlu^ procc‘ss(vs of assimilation and dissimilation. C 'on- 
vtTst‘ly, patlu>k)gi(‘al processt's are always followinl by an abnormal 
(‘oudition of swirling. 

Pathology of Water Distribution. 

In pathologlml eonditious, tlu^ wat(‘r eonteni may have vahu^s 
very difha'cmt from normal. The watcT in tht» blood riH(\s to 90 per 
cent and more in st^vm’t^ amnnias, and may fall to from 73.2 to (H>.5 
per ec^nt in diabet(^s (sch' p. 219). rnd(‘r oth<*r pathological condb 
tions, organs may show abnormal swi'lling (s(‘(‘ last column in I'able 
III, p. 219). 

With the active nu^tabolism and formation of crystalloids, whic»li 
occur in fever, thtT(‘ an‘ alU'rations in swt'lling (thirst, <lryn(‘ss of 
th(* skin), th(‘ exact nature^ of which w(* do not as y(‘t undtn’stand- 

As a rul(\ tlu^n* has Ixum leas attrition paid to tht‘ study of tlu^ 
conditions in whi(‘h tli(‘ sw(‘lling of an organ is b<‘lo\v normal. The 
inj(H*.tion of protojilasmic poisi>uH (somt* hmtvy nu^tal salts, stnmg 
acids) cansem a (coagulation of th(‘ organ albumtm, whi(di rtsluces to a 
gr(‘att*r or l(‘as (‘xtcmt its swelling capacity. I am still o(H»upied with 
mon‘ (‘xhaustiv<‘ studu's of tlu'se (pK'stions whicli are also ttna’lnal 
upon in tin* (’hapU‘r on WemmV. It is too t*arly to re|)ort tins 
r(*sults. 

Edema. 

liy edema we uiuh'rHtand an abnormal (‘olI(*(‘tion of fluid in tisstie 
or tissin* spacces; if tin* fluid (‘olhets abnormally in a body (*avity, wat 
(call it an exudate or hydrops. 

Tin* vi(*w most g(*nerally acc(*pt(‘d up to a ft*w y«*arH ago was that 
(*d(*ma occcurnHl wh(*in‘V(‘r tin* V(*nouH blood pn'ssure, or mon* cor- 
r(*ctly, tin* difT(*ren(c(* bt*tw(*(*n art(*rial and vt*noUH pn*HHun* was g(*n- 
(*rally or loc’ally rais(*d, and tin* n'Hisbunn* of tin* vt^ssel walls was 
diminishiHl (Jimnrs (’oiiNiimM, IH77). It is known that in heart 
dis(*aH(* and in n(*phritis, wh(*n tin* cinndation isdisturlHsh tliat large* 
IKirtions of tin* Irndy, (‘spi^cially tin* low(*r t*xtremitieH, hw(* 11 ami 
Imconn* (*d(‘mat4niH. Tin* local inflammatory <‘dema acesanpanying 
inflammation, inHc*ct bitc*H or the inj(*ction of an irritating fluid (c.i/,, 
diphtln*ria toxin) must also be consid(*rt*d. 

Tin* above (‘xplanation luis sonn* fascination, and it cannot be 
d(*in(Hl that it will c*ontimn‘ to la* invokt*d in (‘xpIanation of c(*rt4un 
|K>inks, (*Hp(*eially since* tin* observation of increase in the p«*rnn*alality 
of vc*HH(*l walls cannot la* avoid(‘d, wh(*u we s(*e that even corpuscles 
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Fig. 38. The ligated leg (right) of the frog is edematous. 

(From M. H. Fischer.) 

Reproduced from Fischer’s “ Oedema and Nephritis,” second edition, by permission of Messrs. 

John Wiley & Sons, Inc. 
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puss througli tli(‘ walls, hi gt*iH‘rnl, ho\vt‘Vt‘r» it may ha ussi^rtiHl 
that tlu* al>ova (‘xplaiiatioii lias brought no aclvauor to our luithi*- 
stamliug of (‘(i(*nia. Histologists and physiologists havo chjiU riliutrd 
an iuti‘riuinabl(‘ anumut of work without luaking any pn^gross. 

A fmi(lanu‘utal dc'partun* in th<' undt^rsiandiug t)f mloiua and its 
assoeialod <iuestions was made in IdOT by tlio invi‘st igations t)f an 
Anuainin, Mautin H. FisouKitb who sought tht* caust* ni iHliniun ihi! 
in tlu‘ vi'ssols, Init in tlu' tissues thianselves; lu‘ attributes Iti l!ie 
fdraia/oa.s* tisauvs an inen'asial swtdling rapacity. M, Ih Fisruiac^s 
views were inunediuti'ly <‘ontradietcd anti hnl to niort‘ rxprnineittai 
studit's and sritaitifie discussions than most latdogical thi^tait^s. 
Howtwtn\ though w<‘ must now atlinit that M. II. I-hscuKa/s 
views ar(‘ too far reaching, it cannot be dcnitMl that h<‘ nvt up a v<*rv 
product iv(‘ working hypotlu^sis. \\ v shall tirst statt* his thtH»ry and 
tlu‘n discuss his oppontaita' views. 

T1h‘ most important t^xperimtad of M. IL Fistiinu i^ the folltav- 
ing: ht‘ ligatunss tla* hinti limit of a frog s<» that it.^ circulation cut 



!u(i. an. Hnbhit ’s kidn<W‘'’'’n kdt itonnnl, rmht rx|irrm»«i}ndlv 

off (Fig. dK) and phn‘c.s it in water so that the limbs arc laivi-rt'd. 
The ligatUH’d limb swells up and at thi» cml of 2 «ir A day-* iiiav In* 
2 or :i timc*s its original weight. If thi* fre^g is kept in a dry \c‘i .cl, 
thc‘ ligatunal limb dries up (’ompletcly, ami if it i"^ cut *»tT nml pta.ccd 
in wat«a, it swells up, Fmler thcHc conditioiiH the iiltiod prc-’Uirc or 
tin* increased permeability id the vessel walls (auinot play aii> part 
in t!ied<*vi*lopment of the edema, but it is only tin* mhich -.ttidl 

mon* strongly under tire cinamiHianccs mcntitaicd. In I lit- ''sainc 
inanniT^ *\L H, FiscufKii was abh* t<» tlemou'^tratc the occiirn-iicr' of 
c*dc,*m.a in rabbits’ kiiinfFs (Fig, TJg and in tin* ami lujityj ni 

^ He was Icfl to tiilM \iy iv^iieriliii'lU w of I.oiai, wliirli -.liottol flcU 

frog« iitiwrici4, i4wrilcd more in aetd lutd lUkalmc tlian in lll•utr;ll unr.j. 
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sheep. These became edematous, not only if the veins were ligatured, 
but also if the artery was tied. Under the circumstances, an in- 
creased blood pressure as the result of congestion need not be con- 
sidered. Indeed, all dead bodies or portions of them which certainly 
are without blood pressure swell up when immersed in water. 

It was thus demonstrated that the development of edema de- 
pended upon the increased capacity of the tissues to swell, and the 
question then presented itself. What change in the tissues 'permits the 
development of edema? 

An explanation was provided by the studies of F. Hofmeister, his 
pupils and successors, upon the swelling capacity of gelatin and re- 
lated substances (see pp. 67-68). We learned in that chapter that 
acids and alkalies increase swelling capacity, that other electrolytes 
in the order there mentioned, either favor or diminish swelling, while 
nonelectrolytes, as far as appropriate studies as yet show, have only 
slight influence. Martin H. Fischer* (in collaboration with 
Gertrude Moore) was able to demonstrate that the same laws 
governed the swelling capacity of. fibrin, the swelling of frogs^ 
muscles and the extirpated eyes of oxen and sheep. This explana- 
tion presupposes no membrane or osmotic pressure; it permits an 
unstrained interpretation of processes which otherwise are explained 
with great difficulty in the case of animal cells unprovided with 
membranes. 

The further question now presents itself/ What electrolytes are re- 
sponsible for the altered swelling capacity of the tissues in edema? 
We can no longer offer a single explanation, and we must study indi- 
vidual cases. 

Edema fluid, the CO 2 of which has been removed, is acid to 
phenolphthalein; F. Hoppe-Seyler found in it valeric, succinic, 
butyric and lactic acids. Strassburg and R. Ewald found that the 
CO 2 content of edema fluid was greatly in excess of that of venous 
blood.^ Of especial value is the discovery by F. Araki and H. 
ZiLLESSEN that any lack of oxygen is followed by an excessive 
production of acid, though this fact may not be demonstrable by 
indicators. 

. One answer is thus given to the question asked above. Increased 
acid production, one of the results of deficient oxygen, may cause the 
development of edema. Such a condition occurs in circulatory dis- 
turbances and in cardiac insufficiency ^ where edema is especially fre- 

^ I wish to point out that a certain contradiction is contained in the simul- 
taneous presence of organic acids and increased CO2. Possibly this may be 
attributed to the fact that various edema fluids have been examined and un- 
justified generalizations deduced. (The author.) 
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(lueiit; it occurs also in Ncccrc anemias and In (‘crtaiii eavhvxnm, 
starvation and scurvy, hi nvplintics, sonic substaiu‘f‘s rc*ccutly tlis- 
covchhI ill tlu^ blood, may perhaps coutributv to the iuhibilitm of 
oxidation, ("adavtne edema is well known, as is tlu^ bloat «hI ap- 
pi'arancc' of drowmal bodu‘s. In tin* casi^ of living animals, only tht* 
inji'ctiou of exc‘t‘ssiv(‘ (iuautiti(‘s of watiT <ir physiological salt solu- 
tion art‘ able to bring about ishana. Ai’cording t<» H. Maunos, this 
is nnulily acTomplished by injecting salt solution into tlie blood 
v(‘ss(‘ls of (h^ad animals. A d(*ad frog may double its weight in from 
3() k) 48 hours if imni(*rsed in water. 

The iujtHdion of cmlain poisons ((‘spinnally lacdic acid I results in 
an oxygmi (h‘fiei(‘n(‘y and thus brings about an excessive acid pro- 
duction. M, IL Kisi'umt injectial morphim strycimin, eoc»aiiu 
arsi'uic and uranium ni(rak‘ into the dor.sal lymph sac* of frogs and 
thus producial an (slmna which di.sappeansl if tin* frog was given an 
ojiportunity to ('xen^k* the poison. 

lOdmna in the cas<‘ of nu't al intoxications, especially in the ease of 
arsenic, is wdl known to clinicians, and tlie gn‘at thirst and the ilimi™ 
iiution in tlu' exendion of urine* which occurs aftea* morphim *dln*r ami 
chloroform administration, may also be* attributeel to the* dedh*it*m*y 
of oxygtm in the* tissue's, with concomitant absorption of 

We have* only re*fe‘rrc'd tti the* elevedopme’Ut of e*de*ma by nciels, mul 
I wish to (*all attention to the* fae-t that int(*nst* e*d(*ma may be* pro- 
duce*d by alkalie's. SulH’Utaut'ous injection td n lb senlium hyelratc 
n'Hults in s(*V(*re* c‘dt*ma. 

If such Hubstan(*i*H produce* e‘de*ma as favor the* swelling tif gelatin, 
fibrin, (*tc., <*d(»ma must be* counte*rae’te‘d tiy e*te‘e*troIyte*s which r<*- 
due*c‘ swelling. Tin* eorre*<*tne*ss of this assumptiem was de*mtmHtraii*d 
by M. IL Fuseiinu on tin* amputate*<l h*g of a fnig. Tin* addition tif 
ncmtral salts diminisht*d the swe*lling and aete*d in tin* satin* order 
tliat tin* cations and anions did in eliminishing tin* sweHiiig e»f librim 
Nouc*lectrolyte*s, on tin* ot!n*r hand, had im infUte*n<'i*. 

M. IL Fisonme n^gards glatmnna as a. typi<*al e*xaiiiple eif a local 
(*de*ma. This is a dist*aHt* cif tin* t*yes, of whie*h tin* most eharinder* 
istic symptom is ve*ry greatly incrt*ase*d te*tisiom wliich produces 
hanlne*sH of tin* e‘ye*liall, Idn* excruciating pains ami loss of vi*^ion 
are* mt're* conse*(p.n*m’e»s. The* various explanations give*ti in ophtliab 
mologie’al textbooks are* ejnite* unsatisfactory, wliere*as the experi- 
ments of M. IL Fise'tiHH arc* e|uit-i* convincing. M. IL FcHrimti 
place*d exxtirpated <ix <*ye*s* in wal<*r, to which st» little acid liml been 
a<Idc*d tliat it was impi*re’cptibh* to taste*, 'fhese eyes became :Uoiiy 

* The* inve'HtigjUiefiH nf I». Buttia/.i* mid \m me tic ‘.i%f4hii|i, find 

shriiiking «if in Meluticuti iiutl salts 
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harnlasiu tlu'tiHist l^launaun. ^ ► iitlir utlirr Inmd, hy tlie 

iuj^.M'tum tif iiiVw tln»|»s i»f 1 H tu t {iiiitiltrtilsinJ.tl’j to."i,4l {HTfc*!iU 
SOI Slum c‘it nit(‘ si»lutiuii titHlit 1 1 n* tMiuj-i inrtiva , it jioHsililt* {*au.H(» 
the * |,)n‘ssurt‘in liunuiu mul in artiii* 'nully Rlaui’iimiittnis ayevs 

to lHVunu‘ iiornuii ta vwn .sulait*rnml in l Imn fivi* miiititt*H, [lljo 
()h^^t»i*vati«Hiof Hiksmax uoiIh* ItnvHVii iunibr-' tif itiiibrfifH mal 

the lowering of ni’ular tria^uai by iiilrri vriiuu-!**-^ iiiji'i'iiini ui glutai.si* hy 

We HjDYA’rr’Hhiit'lluH! an* iiufM ninnl iii t\m ^-''idjort'iitai. Tr.l 
C loutiiiiasHof t!io witlitatt rrE- rraiirr tu llii* uliwaiitbu 

of Avat(‘r l>y i*yo. It imbriinty tb|^*iuh t latln* prrt’iiiitiitiiiii cif a 
pre sitin' all aruls, biisfa, Kiilta aiit I imta*! «Ttrol>1r,H wtiii’ti riiitsaa 
prt aipitatiiiuof firatoins i%\m* i%. rorutait turlb lity. Wlyil in iriitMif tlio 
ccttnioa nuiy l>o su|i|KiSi‘i| tou|»|'»iy iiIhu la (la* iitlaa' f iiiialm 

of tho('yi\tlic IriiH aiiti flirvitnamH liuiuiU*. Hrrta tiM», tliia*a|H»iitir 
ms^ultH hiivo !k.m*ii ohfaiiml alri-atly, hy utjtrisi log Hiiiiiiiin ritnitr, 
■SlAYWAHOn. 'ThuM AS Iihtaillrtl all tlllproV' rlui'llf III vi:4lill ill rjISOH 
Hht nviog a clout liiiosH «*f thcrt*riira, or tli** vilrtatiis hiiinan 

It iH natiirnt to aii‘4uiii«» that t lit- liirhiihtv iloc In a rm-rMihtr |»rc« 

rij'-anitatioii Hiiiiiliir tverr milfiniurd in an «o.|i‘iiin of 

then tbiii's Hurmuiutinic tlic kfi«^r. 

*^rta' tiny nwrlliiigH whicit iin** -st-t Inln^ ar** ri'isiirtli’il !»y 

M ^ II. FtHtiiKit as looal l•«iclnlA.^ |»riHhiriil l»V'' iMifof* *»f iiciti ur snitic 
Htl#wtaiH*n whirli i I. h lli«* iiorillii I oAtihitiVi* lirnroMsos of 

ill*-.. ■* tbu**s. Tti** licu«"lii‘iul ac t imiof fniiuu»5ii »i,rii‘4.miiiirilv' riii|4nyni 

on iiiHcct hitcH, favors this vii*A%“\ \t, H.Fr:-^* io;ii ‘^irtitirial 

(b.«i bites *' oil i4i*liyiii filiifcH ftv .Htirkiitg thoi n wilti insoilr-H ili|i|ioii in 
fcirnnic iM’itl mill tliiii filaciug I Imu in water , ivilli iiiiiiiiniiiii hr wa^ 
ab Ic to itiiiki? tin* mvt»Ilirigs 

■^'hicof !Vh !L Flsriii':ii\Holm«*rviitbi%s wt sigiitliriiiirr to 

lilt: 1 ill rxplmniiig thr of Homo 4iii itiHrn^r-H. fir «!>- 

st*ir"*vc{l iti gclfttiii %%4«cli itionltb !oi4 Iws^n m$wiL nii rb 

Vi^- tioiuti the cr* 1 1 Ire of iwli ritbjtiy bAn*lliug« ^ If W'r rmill llml iiiiiiiy 
ak.,..:iii iirtt miisio! hy t nir fiiiiiii rr|i»fctol t«i tlir lipnilthi niiil 

ift inany, tlir iiinsl rlmrmuUrhtt*^ ^aiiii »ioyi-4 arr ivlo-iib Isivrll- 
imiMilt'H mill vrsirlr^, tbt« imiitoi«y ouii -'-ioti nrnlisir'iL ,\Iiirc- 
wr itiiiHt fiiiitk uf m.i niirnilrr nihi^r hiciit 

iimirriitM iiftrr hioctiliiliim veitlt iii»thThoiis iiiirr*wimiiiiisiiis 
oir^ the iiijia’tioii of liijilitht'riii fiiilitoAin. 

In a Inter %%"sirk. %t, H. Ki-w-mii*' diif ^-woriiirti hm fuiitintiiriitiil 
ill '€*nH of cclhiliir initliiilogy itinl #trrlliiif|, fliniily 

is fiiiiinl ill tln! tivrr, kiilii«*vs, mni iimnuk* rrtls of 

^ Stuiliiw ill I iitrrior4yiti’ ^trl-...rtih4oiii It. 1'. Ww^lyall. 
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persons dying as the result of aeutt^ inf(H‘t ions (lisc\ust\s. The ei'lls 
involved are enlarged and more or less eloudy; inaenK^eopienlly, the 
organ involved appt'ai's at times as if it had betm Innled; mieri)seo|nc- 
ally, granular dc^posits are seen. 



nt'imKhiftwl fntrn Oinltnun iiiul N’rphrilt-*," t-iliUiin, l»v prrHH'vuMit \|« mtn. 

Jiitm Wili'V tk Smuh, Inr, 

M, H. Fiseirnu t‘xp<‘nm(aitally prodtietnl eloudy swelling in the 
livcTs and kidnc'ys of rahhits hy plat’ing th(*m in distilled \\at«*r or 
dilut(‘ acids. Acldition of various salts dc^tayed lor hastenetl tlir tie* 
vc'lopnnmt of (*loudy swc^Iling. A(M*ording \u M. H. Fisriinn, whet tier 
tlu^ madling occurs paitliologi(*ally or expin'inumtnlly, it is e?cptutneil 
just as is cslcana; as tin* n‘su!t of tlu' prodtndion of Hiad*^ in the 
injurt'd tissu(‘s, tliey swell. 'Fhe ^’Icanliness nuts parallel with the 
pnaupitatiou of proteins, <*sp{*cially that td’ casein by acids, d1ie pro« 
duetion atid disapp(*arancc» of granul(‘S in pannn’hymatous m*\U in 
tlu‘ pn‘H(‘nc(‘ of additional acid occurs (^Kuctly like the prinipitnlimi 
and r(‘“Solution of casein upon in(*r<*asing tin* coneentraticni of arid. 
T!u‘ “c*loudy swa^Hing'' is, lluTefore, tlu* result af acitl production in 
the* tisHU{‘S, tlmugh the sw(»lling and the cliSiding an* two p'roeeMnoM 
entirc'ly indepemdemt of <»ach otlu*r. 

Ah lias l)ec‘n Htaicnl aln'udy, M. II. Fnseni*:ic‘s tlieory was iictivt*ly 
discuHst'd and c‘onira<lietcsl. Ihdore approacliing this dt.^’seu.Hsion we 
shall pn\H(mt a !>rit^f resunic, h'lsenKit maintains that eiiiin;i rt*stitls 
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from the swelling of organ colloids, which is induced by acids that are 
produced by a disturbance in the oxidative processes of an organ. 

The first objection is directed against the assumption that processes 
which occur in dead colloids may be transferred to the living or- 
ganism. It was raised by G. Bentner, Jacques Loeb and A. R. 
Moore. They admit that Fischer’s experiments apply to dead 
tissue, especially muscle, but that they fail in the living organ where 
osmotic processes are active and satisfy all the conditions. The objec- 
tion of R. Holer is especially searching, that if only electrolytes may 
inhibit acid swelling, a piece of muscle would swell in sugar solution. 
As a matter of fact the muscle volume is unchanged in an isotonic sugar 
solution. M. H. Fischer combats this by stating that the existence 
of osmotic membranes in living cells is quite readily conceivable (see 
p. 290 ), and points to his experiments which reproduced the contraction 
of living muscle by means of catgut, a dead colloid material. Osmotic 
attraction of water is inconceivable nor does it assist the explanation. 

The second objection is directed against the very development of 
acids in tissues and was raised by A. R. Moore, who was unable to 
detect acids by acid fuchsin or neutral red in muscles made edematous 
according to Fischer’s technic nor in the lymph or kidneys of rabbits 
injected with acid salts; and who maintained that consequently the 
acid content of such tissues is not responsible for the edema or albu- 
minuria. Fischer meets this objection by stating that acidity of tis- 
sues is not to be detected by color indicators since the acids combine 
with proteins and that even traces of acids induce swelling and that 
there is no more delicate indicator of acidity than the swelling of 
proteins. [Fischer insists that swelling in protein nowhere par- 
allels Ph concentration. The degree of swelling follows the order, 
HCl > lactic > sulphuric acid. Tr.] 

The third objection is directed against the generalization of Fisch- 
er’s hypothesis. Fischer performed his experiments principally on 
muscles which behaved by swelling in the presence of acids like fibrin 
or other dead colloid but this would not apply to all kinds of tissue. 
Connective tissue and cartilage apparently behave the same way. 
L. PiNCUSSOHN, however, found that kidney, spleen, liver and lung 
usually became less swollen in acid than in pure water. Kidney cortex 
and kidney medulla showed a difference in that the former became 
more swollen in acid and water than the latter. These experiments do 
not impress me as decisive because physiological salts were absent. 

The behavior, of nerve tissue is especially interesting. Reichardt 
called attention to a clinical condition which occasionally occurs in 
dementia prsecox and causes sudden death. He noted an increase of 
weight and volume in such brains without other detectable macro- or 
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inicroseopic changers. dmgnatecl this eomlition mHilimj of thf Imttn 
in coni rust with vdenin of thebrain ; it is |K)ssil An to dcnuaist rutt' the Haiti 
transiulatt‘ from tlud)lotHl. laswcllingof the* hruin, it is dry, stdit! and 
gclatiaous. I{i«atnL\uors()hscrvatioii wasiuutlt^ nhotii tlietiint* Fisoukh 
published his tluHiry so that it hchu us apropos \n nuuititai it, J. liAi'Kii 
and Bauhe and Amks tested sli(»<‘s of brain and c’onl and fouiul ttiat 
swt‘lling was ol^sta'vt^d occasionally with a taa^ thousandth normal acid- 
ity, but witli gn*at(‘r <a>uctaitration {tuaui of (*arbonic acitl), a shrinking 
always octnuTtHl. On this account tht*y rt'jta't Fisohkh's acid theory. 

(kmtradicting J. Bai?ke, Fismuat in t‘xptaanumts (witli IBhirkic) 
found that nc*rvous tissue* luduiveal toward salts anti acids like* lilirin 
and otlier tissut*. lit* explains the disagna*nu*nt by the fact that 
Baoke chose* tissue* which hael be*e*n de‘ad H te^ 21 hours, 'rht* e^ptinml 
conceuitration for swe'lling hael alre‘ady bea'u e*xea*e*deHi by the* post 
niortean dcve*lopnE*nt of acid. 

The* fourt-h ol)jt*ction was raise*d by |>nthologists who maintaint*el 
that what Fih(‘UKE tl(*scrilH*d avns not ttloma at all. The* nuain loca- 
tion of e*de*mn, ronntrtiov tissiw, <*xhiluts appare*ntly, like* librim the* 
Hwe*lling and shrinking phe*nonu*nu with acids and salts but is e*sse*n- 
tially dlssiniilar frean c*dc*matouH tissue* ami more* like* liynline* eir amy- 
loid de‘ge*ne‘ration. (MAiteieANn, KunMnNHiKWit^,, H. SeiiAon.} The* 
fibe*m show the* chie*f swe‘lling in acids but in (*ele*ma the* main swt*Hing 
is e*xtrafibriUur, khseuiKii fails Ut distinguish lH*twtH*n sirrlthiif eif tin* 
protoplasmic substance* and turgor of the* e*ntire* tissea*. Against this 
vit*w tliat in e*(I(‘ma the* ae|ue*(mH fluids accumulate* in the* tissue* 
Hpa(*(*H and not me*re*ly in tlu* predoplasma and tliat ine*re*as(*d inhibi- 
tion of wati*r by the* ce*!! is not the* e’riti'rion c»f <*d<‘ma, M. H. FisemKic 
argue*s that the* ti.Hsue* space's are* not fillc'd with air lent by eaelknti ma 
torial whie*h may V(*ry w(*ll (’ontribute* te» the* e*de»ma by a«*iti swelling. 

Luiiaesc*ii not4*d marke*d swt'Iling e^f tin* tissue* in his Itistoleigt* 
cal studit*s but eie*te*rmin(*el a difTere*m*e* in kidney e*{i<*inaH due to 
clamping tlie* re*nal artery or re*iml ve*in. Tla* e*hatig<*s are* similar: 
those* producc*d by clamping the ve*in are* re*v<*rsi!«le* but timse* due to 
clamping tla* urt4*ry arc irrcvt*n4iblt* if the* nrtt*ry is <‘lam|H*el nff for 
thr(*e* hours. The* He*nsitivc* (*e*lls are* kilh*ek This tain! rathe! s 
FiHctinii*H tla*ory whi<*fi re»e|uir<»s the damage* to Is* tla* same* in f*ilfa*r 
case*, Kcet ZiEeuam made* tlu* imiKirtant obse*rv.Hf ion tdiat edileiriti 
metabolism as wt*ll us w,*ite*r mf*tnb<dism |»lny an imiKUlant iiiirt in 
cd{*ma. C'hlorid and wate*r r{*te*ntion nlte*nmtt* as firimary fae^tors 
in c*d<*nia, but in all case*s, the*re* art* mCritive* <listtirbitnce*s which 
affea*! chi<*fly Biusclt*s nod e*<iimt‘ctiv<* tissue. B. Tacuac tTfe^rei! 
(*x|M*nmc*ntHl ve*rira*ation l»y fe*eeling mi(*f* e*xeessivf* amounts of sot hum 
halts. Th(*re occurreal edeana alamt the head, tu^Ax aial attachinent 
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of front liinlrn n^Heml>ling that ohma'vod in hniimn luirHlings when 
they art^ given t<K) mueli in TAiiCAr’H ex|H*rimtiits it is iiot 4 .^ 

wortliy tluit tht^re wan no inereaai‘ in nveragt* amtniii! cif wutrr in tlia 
animal l)Ut the edema was th«^ expreaaum <jf nhmmmil dislrilmllm of 
wilier. Thesi^ olM^rvatioim lend Hn|)|M.a1 to theory. 

FmtniKE ohHi^rved that wlien tihrin anti g<*Iatin H\vt*lteti up t\uj 
accumulated mil from an acid tabh* i^di Holution amh etiiisef|ut*iitly, 
he regardetl the aali ndention ua n*aulting from tnliaiia. 

When wc‘ ecuwitliT tlu* eoiitroveray etmeerning hhatuiKic'a tlii‘ory of 
edema, it is (‘vithmt that as yet la* has olTeret! no exjMumneiifat prtKif 
for his hy|K)thi^sis, Except in a fmv s|H»ciitl insinnces liis tipponenta 
have' likewist' failtnl to show its invalidity since,, in my opiidtiii, their 
ex|M'rimental methods failin! to pnwiuce a hs'id iiceumulalitin of 
acid in living organs ns ret|uireil hy FiSi'iiKu's tiiiairy. Nii iiuitter 
what value* may In* w*t on FtSiUiKa‘s tiieiiry in the future, it has hem 
of enduring service' in that it has t ransft'rrtHl tin* emphasis in !h«» study 
of edema from the eirenlntitm to tlie tissues; it is not liytinistatic 
difTerenees in preasure lait ehemieid tlniiiagi' ti» the tiasui' whicli 
occasions (alinnad 

Inflammation. 

Though hc'idthy cells are iniperinealde for blood plasinio iidlameti 
tissm* permits a stdeetive passage of plasma idemmis. 

A. Ohwalo* fouiui that tht* frequeney of i»assage» stood in thr* fol- 
lowing ordi*r: 

Albumin > Cilobulin t Euglobulin) > Fseuiitiglciliutiii Fibriiiogem 

This occurs in an order inversely to their siimn^ptibihty to salting out 
l^y salts and to the viscosity of the vari«.»us solution.’^: tta^ le,v4 viseotw 
a pliismiMdement is, the more easily itors it pim through the infliuitfil 
tissue. Allmmin alom* may be foum! in an exinlfiltu but. nevi-r lilirin- 
ogen without tfa* siiiiiiltaneous presenee of ii!l.ii.iitiiii iind globtilim 
In the acutf* stages nil kinds of albuinins are found in t!i»- r.xiiiiiitt% 
wherefiH, with tin* laj»e of time, fibrinogen and ttieii gloluiIiiiM dimtiii.^-lL 

The normal cell ttmnhrimv evidently beiiavt*s like iiii iiiijieriiirfit.»Ie 
ultrafilh'r, which Inis beeome mon* |M*riii«%able by rriiMtii of the in- 
flammatory proeei«. We ilo not know tin* fnelors ivhirli bring this 
alamt. |Tha tissue tiniy \n^ ^S’oiigiilnted alhiiviiig frei^r 4illnmm 
I'SMoiuse of larger diffusion paths, or they may i*<* ifinn^ titNfs*rm'd and 
amimuliite more water of swelling/* KiiliiT mamld 

explain some of the iihenomena. Trd 

* ITlir lacwi rtviiif iii«nisii.i«ifi nf the uue^tiMfi tiv J,. wpI 

Maiitim If. PisiatKii ri.»iilniiied in the Ji*nn»l «f tlie Atu- 
Vnl. XI., Nn. r» CMity, IfllS|, Trl 
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It is to be hoped that an extension of the viewpoint of M. H. 
Fischer, together with that of A. Oswald will explain the problem 
of inflammation, which has been so long kept at a dead center. 

We thus see that the science of colloids throws new light on the 
most difficult portions of pathology, and that even therapy may 
gaze with hope upon the yoirng science. 

Salt Distribution. 

Just as the water content of a normal organ is relatively constant 
and may undergo reversible changes due to changes in the condition 
of the organ colloids, this is also true in the case of the salt content. 

Unfortunately the basis for the comprehensive explanation of 
these questions is lacking (bibliography, see Albu-Neuberg *). The 
values that have been obtained cannot be used for comparison. 
Some have been derived from healthy and some (especially the de- 
terminations on man) from sick individuals; moreover, age is a very 
important factor. In the first place, it is essential to determine 
accurately the limits within which the salt content in the separate 
organs of normal individuals may vary. We loiow that muscle, 
liver, blood corpuscles and brain are rich in potassium salts, while 
in the blood serum and spleen, sodium salts predominate. 

In man the muscles contain 0.743 per cent of NaCl, the lungs, kid- 
neys and skin 2.5 per cent. Sodium chlorid and water content do not 
run parallel. The salt content varies within wide limits in different 
species of animals. For instance, there is present in the ash of 

Ox blood 7.4 per cent KgO 

Calf blood 11.2 per cent K 2 O 

Sheep blood 7.1 per cent K 2 O 

Pig blood 20.4 per cent K 2 O 

Chicken blood 18.4 per cent K 2 O. 

We should assume from our colloid-chemical knowledge, that a 
given electrolyte content must correspond to each organ^s condition 
of swelling, though as yet this assumption offers but little towards 
elucidating the problem. Pathological retention of common salt in 
edema, see page 232, invites experimental study of the question. 

What has been said of animals is also true of plants. But here, 
too, the salt content varies greatly with organ and sex, and we have 
no basis for its true significance. For instance, it is merely neces- 
sary to mention that the ash of wheat flour contains 0.76 per cent 
Na20, whereas that of buckwheat flour has 5.87 per cent Na20. 

The distribution of salts occurs similar to that of water; if they are 
artiflcally introduced into the organism, they are stored up and again 
released. If a dog received an intravenous injection of table salt, 
28-77 per cent of the saline retained by the body accummulates in 
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the skin (Padtberg). In salt starvation the skin acts conversely, 
suffering 60-90 per cent of the chlorid loss. [The ancient name for 
eczema was “salt rheum’’; see also “Karell Treatment,” J. G. M. 
Bullowa, Amer. Medicine, June, 1918. Tr.] 

For animals, an intravenous injection of potassium salts acts as 
a poison (especially for cardiac muscle and peripheral vessels); 
thus, according to Held, even solutions with 0.08 per cent KCl 
affect frogs and rabbits. By way of the intestinal tract, potassium 
salts are relatively harmless. Held* showed that when thus in- 
troduced, the K was stored in the tissues and only slowly given up 
to the blood. Here we observe the same phenomena as with water, 
of which an excess is also taken up by the tissues. 

For the maintenance of the osmotic pressure, a definite concen- 
tration of any crystalloid suffices. Observations of the most differ- 
ent kind teach us that exactly that electrolyte which is normally found, 
is necessary for function and development. If in a suspension of 
blood corpuscles the NaCl is replaced by sugar, hemolysis becomes 
more difficult, even though the osmotic pressure is identical. Ex- 
periments on excised hearts prove that the action of the heart is re- 
tained much longer if it is perfused with a fluid containing a proper 
quantity of K, Ca, Mg, PO4, than if only physiological salt solution 
is used. Na, K, Mg and Ca salts are individually poisonous for 
plants, but mixed in the proper proportions they are absolutely 
necessary. In Chapter XXII, there are further examples. 

Evidently the condition of swelling required for normal function 
is afforded by a proper balance in the mixture of electrolytes. 

A. B . Macallum^ investigated microchemically the distribution of K, 
Fe, Ca, Cl and PO4 in many animal and plant cells, and from his investi- 
gation made deductions concerning their functional significance, to which 
we shall again return (see p. 292) . Th. Weevers has elaborated them 
with far reaching studies of the distribution of potassium in plant cells. 

[W. Burridge, Quarterly Journal of Medicine, 10, No. 39, p. 172, 
aptly remarks that analyses of the blood ash give little information con- 
cerning the balance of its salts by reason of the fact that the propor- 
tions of them which are in “ sorption ” or in solution may vary. Tr.] 


1 A. B. Macallum proceeds in part from the fact that inorganic salts increase 
the surface tension of an aqueous solution, and as a result the surface contains a 
more dilute solution. Conversely the author concludes that the surface tension 
is diminished at the points of the cells which are approached by the salts in 
question. We cannot agree with this conclusion at present, because not only 
mechanical but chemical influences may determine the adsorption of salts. For 
instance, L. Michaelis and P. Rona (as the author has mentioned) demonstrated 
that certain kinds of sugar have no infliuence on the surface tension and yet may 
be adsorbed. 
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Tlierc^ an% inon^ovt^r, th(‘ iutt‘r(\stiii|»; olmt^rvatioiis of P. Uona aiul 
I). Takahasmi,* IIuLLiNtaoH* aiul K. Frank* coiuaTuiuK the clis- 
trihutiou of ^sugar blood <‘orpusel(‘s and planma. 

If we go furtlu'r and ol>s(‘rv(‘ tlu‘ distribution of tlu‘ otlic'r (‘k^- 
nunits of th<‘ organism, tlu' albumins, nueknns, elastin, tlu^ lipoids, 
c‘te., W(‘ appnuu'h tlu‘ gn^aU'st probkuns of anatomy and histology 
and set out upon a boundk^ss and uueharbHl s(‘a. Possibly W(* shall 
kuirn mor(‘ of th(‘st‘ things in tlu^ not Uk) distant futun^. 

The Circulation of Material. 

Botli th(^ plant and th(‘ animal organism are surroundcHl I)y nnvm- 
hran(‘s or ptdliek^s, whi(‘h si^parate tlu^iti froni thc‘ ouPt world. Tlu^sc^ 
m{'ml)ranes art* monM)r k‘ss p(»rmt*abk‘ to watcT and erystalloids, but 
normally, th<‘y an* imp(*nm*abl(* to eolloids. Mv(‘n though this last 
fact wt‘re not c*xi>(‘rimentally di*monst rated, wt* should assmne it a 
priori^ because* if the* disHoh'eul colloids could k*av(' the* organism, the 
loss of matt*nal would mean d(*ath. To (k*monstrat«* the cornTt- 
ness of our conclusion, we* n(*ed but me‘ntion a patht)k)gical con- 
dition, all)uminuri(i. In this condition the* kielnt*y be*e*ome*s pe*nne*ablo 
for st*rum-albumin, and it is oue^ of the* physie*ifupH most important 
duticis to compc‘nHate for the* continue>UH k)SH of Hul>stant!e* by prope*r 
dkding, so that no impove^rishmemt. of tiu* tissue's as re'gards al- 
l)umin occurs. 

Within the* orgauismi also, the*re' are* many suc’h partitions; the*y 
se'rve* to organii^e* activity, te) guide* the* food along ce*rtain paths 
(arte'rie's, ve*ins, vascular bunelk*s of plants) and to colk'ct Ht‘e*r(*tionH 
(urinary blad(k*r, gall bladde*r). 

The* substances nc'C'essary to support life* must ae*ce)relingly e*nte‘r 
the* organism as gmen or ergHialloida. In the* e*ase* of ptantH, (X).j 
e*nte*rH through the* k*ave’s; othe*r foodsteilTs, wate*r and most of the* 
inorganic*, salts (nitrate*s, phospfiate*s, |K)tassium and lime* salts, 
e*tc.), ente*r througii the* roots. 'rhe‘se* sul>stane*e*s are* at the* outHe*t 
ve*ry eliffusil^k* and ne*(*d ne^ pre*paration. It is otla*rwise* in the* (*aHe* 
of aninmlH, which rt*c|uire* outside* e)f wate*r Init ftnv crystalloids 
(sugar, salts) and are ehie*fly HUHtaine*<l hy eolloids ( vi*gt*tabk*s and 
memt). In onk*r to i*nte*r t!i<* organism at all, the*se* sulmtanes's 
must first be ehauge*d to a erystalloidal eamdition. This is ae*<*om- 
plishi'd by cmzyme's; the* eliastatic fe*rmeutH split starehe's; pe'psin 
and tryiisin split prote*in; and he*rhivonc leave* fe*rmentH whie*li are* 
alile* to change* e*ve‘n e*e*lIuloHt* into a e’rystalloidal c*ondititm, e*tc. 

In like manne*r only gast*s or erystalloicls can leave the* eirganism 
(e*xpire‘d COa, urine*, pe*rspiration|.^ 

* 1‘Vfcs, e^e*., d<» licit, striftly siw*akiii|?, k^avi* the* any mere* than 

diatnnw which have liHai mirr(nmfh*tl hy an anaidia and theai cwt out Cth<*y tire 
e*vii(aiiitc*d from a tulHi which iiasm's through tlm animal). 
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The forces which accomplish the entrance of food into the organ- 
ism and keep up the circulation of matter are in part purely mechani- 
cal, as performed by the lungs, the heart, the peristalsis of the 
intestines, etc. In addition to these, there are forces which ac- 
complish chiefly the metabolism of the cells; the most important of 
these are diffusion, osmotic pressure, swelling and shrinking.^ 

Circulation of Water. 

Until a few years ago the circulation of water in the organism was 
chiefly attributed to osmosis. The vital processes constantly produce 
from the colloids osmotically active crystalloids, which both retain the 
water formed by oxidation and, in addition, attract water into the 
cells, thus maintaining the turgor or normal tissue tension. This 
presupposes that an almost semipermeable membrane surrounds 
every cell. In the case of plants, this hypothesis offers certain 
difficulties, and in the case of animals, it is impossible to maintain it. 

We shall present only a few examples which show that osmotic 
conditions alone do not satisfactorily explain the distribution of 
water in animal cells. 

Through the investigations of H. J. Hamburger, H. Koeppe and 
E. Overton, it is known that in the presence of alterations of 
osmotic pressure, blood corpuscles and muscles change their volume 
to much less an extent than would be expected of cells with fluid 
contents and a semi-permeable membrane. Blood corpuscles contain 
about 60 per cent water. In his experiment with osmosis. Ham- 
burger showed that only from 40 to 50 per cent of their volume 
could consist of an aqueous solution, so that from 10 to 20 per cent 
of the water arises in some other way. According to Overton the 
same thing holds for frog^s muscle. 

Water is also retained by swelling. Swelling and shrinking are the 
most powerful factors governing the circulation of water in the 
organism. They may even act against osmotic pressure; nor are 
we forced to explain their activity by any hypothetical membranes. 
Changes in the reaction of the cells, especially the constantly recog- 
nizable acid production during vital processes, give rise to the condi- 
tions necessary for swelling or the circulation of water. With the 
removal of the acids shrinking must occur again. 

M. H. Fischer properly calls attention to the fact that a semi- 
permeable membrane permitting the entry and exit of water from the 

^ J. Trattbe*^ regards the “surface pressure'^ as the force which causes the 
movement of matter in the organism. Since there exists a certain parallelism 
between the ability of many substances to lower surface tension and their capacity 
to penetrate the cells, Tbatjbe disregards the osmotic forces and lipoid solubility. 
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cell Ls a muiist rosily, for how (kH\s it explain tlie (aiiry r>f hnnl aiul the 
exit of inetaholit‘ products (mt'tahoUtes) from thc‘ c<*Il. If tla: uuuii- 
brane is p<u'meabU* for tlusse, the osmotically atdivt^ crystalloitls 
(‘.aimot iiuluce trausftu’ of water. All variations in voluuu* of blood 
(‘ori)uscl(‘s, sp(u*mato/A)a, plant cells, cd*c,, })rodu<*(Hl hy (‘lectrolytt\H 
and attributed to osmotic pr<\ssure up to now, un^ just as wtdl ex- 
plainetl by swelling and shrinking, dels Hwt‘ll up in wati‘r, atads and 
alkalies; salts on tlu^ otlua* hand, hinder swtdling aiul cause shrinkage. 

iMon^ovtT, mav, pundy physico-cluanuad observations likcnvistnvarn 
us to employ great caution in our consideration of osinotic proct*sst^H 
in tlu‘ organism. Much mort‘ substaiuu* may Ik* dissolvcHl in tlu* In- 
t(‘rior of tlu' cell than in its surrounding fhiid witluiut tht* osmotit^ 
prt'ssun^ making this (‘vident, Wc* saw on |)agt\s ItJ and 47 that 
with decr(‘ast‘ in tht* surrounding osmotic p^^sHurc^ ihv OHimdtc 
pressure' in a cedi with a pe*rme*able membrane' e’oidainitig colloid, 
falls, althe)Ugh if re'ckone'd aeaa)rding to the* salt coute*nt, tda* osmedic 
pre'ssure* she)ulel have* ine»re*ase*ei. 'The'se* finelings of W, Hu/r/. and A. 
ve)N VnemsAeJK* ne'ea'ssitate* a r<*vision eif all fejrnn'r e'enclusions 
de*rive*d from the^ obs(*rvation of osmosis in {*i*llH, 

Circulation of Water in Animals, 

A movement e)f wate*r r(*snlts wh(*n ('onditions arise* which ediauge* 
the* redative* svvi‘Iling of the* organs. Whe*u Hubje*cteei to tugh ti*m- 
peTature* e)r afte*r vie)le*nt e*xe»rcise*. e*t4*., tin* skin hwe*s wate*r, the* 
hloeni Ie)S(*s wat<‘r thre>ugli the^ lungs, whic*h e*aeise*s a. fleiw ed wate*r 
from the* e>tlu*r e)rgans. < kmve*rse‘ly, an e*x<‘css ed' wate*r from tin* in- 
tc'stine's, or in the* e*ase‘ of fre>gs anel (*e*rtuin ot!u*r animals from the 
skin, is transf(*rr(*d to oth(*r eagans and r(*-t*xc*re‘t(‘d by the* kitlneys. 
Otlie*r circumstance's may arise*. he>W(*ve*r, whie*li eh'ie'rmim* the* cir- 
culation of wat(*r: ce)nccntratie)n of aciel in a tisstn* ine*reaseH its 
Hwe'lling capacity, attrac'ting wate*r, #%(/., in ve*nous bltHKl e»r an eslema, 
whcrt*as simultane'ous salt formation h’ads tO' a shrinking or limn of 
wate*r.^ In (urcumstaut*e*s in which tjsmotie* pre*HHure may liet'omi* 
active*, m when a me*mhrane* is iuterposesl, the* edumge* ed a esilhutlal 
Hul)stant‘e* inte) aerystalloid tmd(‘r the* in{lne*ne*e‘ e)f e»u/,ymt*H may e*ffesd 
a transfe*r of wate*r; the* wate*r flows iu the* plac’t* wht*re tin* osmt>tie 
pressure is Iiighe*r. We sliall r(*turn to the* drtails <d this epic'stion 
whe‘n we* eamsiele'r the* individual organs. 

* From tluH it rewilts that thi* prewiiea* af wlliada the* iiarvi'iiicat uf 

water in an t'Utircdy dMIcremt ainl at tiint*a in a thriMiiua ii|j|iii.niti' tn that cf tht^ 
osmotic prewure*: Acid -p salt, as a re*seUt of the* higher imaaU.ic |jr**Hrairt% fdtendd 
incxeme* the* amcnint of watix attraclctl; in t.hc casr of e’ulhad strtirteirni* Imw • 
aver, thc*y elexrciwe* it, sinttc wdts abolish to a greattx or hm tmtent the swedliag 
action of acids. 
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The Movement of Water in Plants. 

The evaporation of water in plants proceeds more rapidly than 
in animals. The enormous development of surface in the shape of 
leaves and needles underlies a great transpiration which requires 
replacement, so that a stream of water moves upward through the 
roots and vascular bundles to the leaves. On bright summer days 
(see W. Pfeffer*^ loc, cit I, p. 233) 1 to 10 gm. water are evaporated 
from 1 cm.2 of leaf surface. On very hot days the loss by transpiration 
from big trees exceeds 400 kilos; on rainy days, however, it may be 
reduced to a few kilos. To explain the upward movement of the 
water, the most varied theories have been advanced, and usually 
abandoned. Explanation by means of osmotic pressure has proved 
thoroughly unsatisfactory, and mere capillary imbibition is of no 
greater use. We may well understand that the colloids of leaves 
suffer a loss of water by evaporation, and that, in swelling, they are 
able to lift a great column of water from the ground to the tree top. 
Experiments of E. Strassburger showed that in poisoned trees, 
water may rise to a height of 22 meters, so that pure capillary forces 
do not suffice for the explanation of the phenomena. More recent ex- 
periments (P. A. Roshardt,* E. Reinders*) show that in the living 
plant, living elements assist in pumping up the water. Since no pre- 
vious explanation of this has been given, I believe that I am justified 
in formulating the following hypothesis. In my opinion, the living 
cells of plants assist in the elevation of the sap by their respiration. 
With respiration, not only does CO 2 develop, but also great quantities 
of organic acids. Both cause a swelling or attraction of water, which 
is liberated to the extent that CO 2 disappears, and the other acids are 
removed in any one of the many possible ways. This would fit in 
with the fact that the breathing in fully developed leaves and 
branches, in which the need for water is also diminished, is less than 
in the developing shoots. The dead leaf, whose breathing has ceased, 
withers. 

Circulation of Crystalloids. 

The circulation of crystalloids is also largely governed by the factors 
of diffusion and osmotic pressure, with certain limitations due to 
the colloid media. Although between two aqueous solutions, sep- 
arated by an easily permeable membrane, unrestricted mixing occurs 
as a result of diffusion, this does not hold for a jelly-like medium 
(see H. Bechhold and J. Ziegler*^- In order to bring about a 
mixture in such a case an excess of osmotic pressure is required 
(see p. 57). It even seems that with equal osmotic pressure, acid 
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and alkaline reatding suhstaue(*s may lic^ sitU^ by .side in <‘cdltiidnl 
(amphoteric) media for a l(>n|»; tinu^ witliout mnitrali/ang earft other 
(R. E. Liksk<jano). In the ease of pha|^o(‘yt('s» that is, in livinii^ ch'IIs, 
the exLsten(‘e of acid areas in alkaliiu* protoplasm has bctm shown by 
staining with neutral rtnl (E, Mktsohnikoff). We thus set» that in 
dilTerent portions of th(‘ organism, tlu^ most varitms tuystallouls an* 
pn^sent, and may functionate specifically without luung accompanied 
l)y any exchang(U)r mixturt\* this only octairs whtma (‘rystallohl sul^- 
stance accumulattss and lKa*omt‘s osmotic'ully a<divt'. Swelling and 
shrinking may also l)e of importance^ for tht‘ <*irculation eif (awstal* 
loids, sinc(‘ dissolved substance^s arc‘ soakesl up with tlie water tif 
swelling or an* csxpnsssed during shrinking. 

If these CTystalloids an* at tlu^ same* time* (‘l('cdrolyte*s, tluw naiy 
incr(‘as(* or diminisli the* swt'lling a<‘cording to their natun* (ac’itl tir 
salt); and in this way, (*ith{‘r aid or impedt* tin* (Uitrance* of crystal- 
loids. 


Circulation of Colloids, 

(tom part'd with crystallt)ids, tht* osmt>tic i)n*Hsurt*s in tlu‘ case t)f 
colloids art' extnum'ly small, 'Fo bt‘ surt\ wt* know (set* p. o5i i\mi 
prottmis may dithist* through gt'ls, so that th<\v also an* intlep«*ntl« 
ently motih'. Of grt'at significanct* is the iliscovt*ry t>f II, l.st‘uvKst*u 
to tht‘ c'fTet't tliat t'olltad difrusion is <lepi*nd(*nt on tin* t*lcctric charge*. 
In gtmt'ral, howevt*r, tin* (*olloids, as opptKsed to tin* crystalhntls, 
furnish tlu^ dtiblv (*l<‘nn*ut. of tin* organism. 

The Influence of Membranes Upon the Interchange of Substances. 

The physic(M*h<*mieal eouditions for tin* intt*rchangt* of sub.Htanet*H 
through cell mt*mbran(*H was fora long time* eompletely ruleil liy tin* 
theory of ()VFRTt)N, whit'h is Hom(*what as hdltavs: Endoplasm is 
Hurroimdtnl by a fatty* li|Mud m(*mbrnnt*; an exchange* t»f substanctei 
can only cH’cur if tin* givt*n substanct* is sohiblt* in snt'h a membrane. 
Ovkhton’k tht*ory has inrt jirovtui universally a.ppltt*abh.*; it is i*ver 
becoming bcdti'r r(*c(»gni/,ed tliat the problem will proliably be Milvi*d 
when w(* ct*asc‘ to look (‘ntir(‘ly hi tin* asinotie etooiiiions and oiroi^ 
Imines for the facttH*s gov<*rning tin* intt*rchangt* nf snlistance. din* 
fact that both <*cll (*onti»nt and cell membrane consist of ridluebi 
mpabk of meellimj must in* taken into consiclt*ratiom 

Tin* c*arIieHt fundann*ntai investigations td tin* physical int<*r« 
change* of matter in iinlividual ct*llH W(*rc made on ptiiii! t*e!ls. I 
refer pa.rti(*u!ar!y to the inv(*stigations of W. Idon-'FKH and tl. im 
ViiiKH. In plants, t*HiH*cially, wt* find that tin* et*ll conteni is very fre- 
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quently surrounded by a visible and solid membrane which is usually 
regarded as semipermeable. 

The basis of this view is: if such a cell is placed in hypertonic 
salt solution, the protoplasm retracts from the cell wall and water is 
lost. This phenomena is called plasmolysis. If the cell is im- 
mersed in pure water, the protoplasm swells up again. The phe- 
nomenon was formerly explained by saying that the membrane was 
impermeable for salts.^ In a hypertonic salt solution, water may in- 
deed leave the cell but salt cannot enter; in pure water the process 
is reversed. 

Nowadays discussion is focussed on the nature of the plasma 
pelhcle and two main tendencies may be recognized. 

Among the adherents to the lipoid theory in addition to E. Ovekton, 
is Vernon, who considers it probable that the lipoid membrane 
penetrates the interior of the cell. J. Loeb and R. Beutner in view 
of their investigations of bio-electric phenomena may be regarded as 
adherents of the lipoid theory. Those investigators (J. Traube and 
F. Czapek) who regard changes in surface tension as the means of 
penetrating surfaces may be regarded as adherents of a modified 
lipoid membrane theory. They arrive at this conclusion because 
their experiments have been chiefly concerned with the action of 
lipoid soluble substances on the cell. 

According to F. Czapek aU substances whose surface tension is 
less than 0.68 (water/air = 1) are toxic for the higher plant cells and 
CzAPEK^s pupil Kisch determined 0.5 to be the limit of toxic surface 
tension for yeast cells and fungi. Since lecithin and cholesterin, that 
is, the lipoids and their emulsions, have a surface tension of 0.5, 
F. Czapek agrees with Nathanson and regards the cell membrane 
as a concentrated fat-emulsion which is permeable for either fat or for 
water soluble substance depending on the conditions of surface ten- 
sion. Similar views (loose union of albumin and lipoid) are enter- 
tained by W. W. Lepeschkin- with the difference that he regards the 
entire protoplasm as such an emulsion possessing properties in the 
center similar to those on the surfaces. 

The emulsion theory'^ obtained very definite support from the fol- 
lowing observation of Clowes (see p. 38). He prepared an oil-water 
emulsion by shaking equal quantities of water and olive oil and suffi- 
cient n/10 NaOH that the outer phase (the water) was just alkahne 
to phenolphthalein. If he now added a small excess of CaCl 2 solution 
the emulsion changed into a water-oil emulsion; in other words, 
water became the dispersed phase in a continuous layer of oil. We 

^ The visihle ceU membrane is quite permeable for most crystalloids, serving 
only to a certain extent as a support for the protoplasm. 
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(^l)serve tluit by tliis chemical attack the layer which luui l>een jht- 
meable for hydrophih^ substance became im|H*rmeal)h‘ for tliem and 
was made permeable^ for sul)stauces solubh^ in fat. 1 Iowt‘vt‘r, wv know 
from tlu^ invc'stigations of J. Lokh and W. J. V. Os'chhiioot {hvv p. 
378, et mj[.) that small amounts of divahmt cations di^toxicatc^ lunitral 
salts by inhibitinp;, according to the view of J. tht^ fnn* 

change of ions through the plasma |K^llicle. ('lowkh (*xtendi‘d his 
observations to other polyvalent cations and th(^ t|uantitativc* Hala- 
tions are in ex{‘(*llent agriH'numt. 

The other temlency is to assume a pure alhuminimH itumdwaius 
W. J. V. Ohteehout aHHum(\s this, as tla^ n\sult of tlu' following 
remarkable obsiTvation: lu^ placed spyrogyra ct^lls in common salt, 
solution of such concemtration that no idasmolysis^ occurrcMt; wlien 
he added very diluh* cah*ium chlorid solution so as to dc^press thi‘ 
osmotic pnmin^, plaHtnolysis occurred. Tlu^ plasma iH^lliclc* must 
have been jKU’uu'abh' for NaCl and its pnasage^ is only impcshnl by 
the (Wb- In contrast to Ovkhton'h view, <)sthhu«)iit n^gards the' 
plasma pellicle as |>(u*m<^abl(* for most ions of tla^ light nu'tals and 
consetiuently it must b(‘ albuminous. 

The action of tlu* Ca-ion possibly {lepimds on its antag<misti<* 
a(*tion (we p. (59) though it may bi' dne to a varit‘ty of tannage* of 
the plasma pellicle. With the death of the* c(*tl. tlu* pe*llic’li* lK*(*onu*s 
gc*n(*rally |K*rmeabl(*. 

Huuland also, discainlH the* lipoid tht'ory. Hc» conside*rs ordy tlu* 
tluckn(‘HH of the* nuanbrane to be H*Hponsibh* for perm(*ability or 
impermeability; the nu*mbrane acts like* an ultrajUtrr in tlu* st*nHt* of 
Bkoiihold. Ih* studic*d a large* numbe*r ed elye*s, em'.ymt*s, alknleiids 
and other substance's which occur in plants anel fomul that the*ir 
ability to pc*n(*trat(* tin* plasma cells was in proportieut to tht‘ir ability 
to sprt'ad out in thick jedlms; in otht*r wemls, it d<*pe*n<le*d em tlif*ir 
particle* size* (sen* p. 56). 

In view of the* known facts we* must aelmit that at pre'sent we* mu 
arrive at no conclusion e*onc*e*rning the* nature* anti structure* i»f tlie* 
plasma pedlicle. Of one* thiiig wt* c*an In* ce*rtnin, that OvmrrtKv'H 
original tlu'ory of a continuous lipoid nmnlmme must !»e* abautloneet. 

I am of tlu* opinion, howe*vcr, that it is possible* to eamciliate* tlu* 
theorieH whi(*li leave* bc*e‘n e»lucidated h<*rc and whi<*li He*e*m to be 
mutually c*x<*luHive*. 

In the first place, the assnmption of a |M*lliele* of emulHiru‘el fat dtH*.H 

^ OstcrluHit tiintiagukliecl betwi’ftt true mit! faiw Hir |jm<*r 

may taaner in dilute w>lutif»nn ev«*n in jam* vvitO'f mimt erHUiilly in murinr 
It in prehably due to the* ceaKtilatieai of the* proteinliwm frtmi tin* |H*ne!raiioit nf 
thei water. 
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not exrluile Hi'iilanu’s ultratiltt*r tltmiry. If wt» li:ivr :iii iniiuWiiii 
in which the* li|Hml is the di8pi*r?^tHl pimst* \vr hnvi* ?iii iiltni iiltcr wliirii 
is |K*nncuhlt‘ hir wntt^r stiliilih* stihstatircs iiii|>t*ritii»jililc fur li|Miict 
sululdt' stihstunc’cs. I'Ih* si/.t* t»f tht* jwircs ut the ultni filter ile|«*iiiis 
on the n^latitiu of the !i|Miid ttj thent|Uetnis {ilmse, If the niiKitiitt ut 
li|Hhtl is sinulh tl»' |Mwes of the ultra filter are lar^e uiid vice versa. 
Wluii thi‘ li|K»ul e<»iitent is large we tmvi* u nurruw fwireil ultra filter 
vvhieh absolutely satisfh's tlie eoiulttions fouitil by Itr'iiOvNti in his 
dyt» invest igaticais. Further» we have setai frtini i ^l-owivh’ ex|M*riiiti»iit, 
tliat an oil watca* ennilsion is easily ehiuigetl to a water oil eiiiiilsioit, 
and in tliat ease tht* lay«*r is o|M*n for fiit sidiible siil»slanei*s aial elosi»d 
for wutt*r solublt^ substaiiees In my opiiiitm surh a layer satisfies 
all t!a^ (’onditions demandtsi by the vnritais impest igatfa>4. 

I wish, howt‘Vci\ tu emphasi/i* that tlnu'e is no just ifii’al ion for ftai 
with* a gtau*rHli/4it itiii, for dittVrent tadls belmvi* very different ly. 
t Hista* vat ions tin |ilnnl c*el!s t*annt>t be apfiUtsI without luoilifieatioii 
to animal et*lls; a eell in n |daiil eamm! be eiiin|iartsl to nerve 
et*lls whieh are surrtatiah*tl by a th*nse imdatmg laytn* fat. It seems 
possible to eonelude from H. f|oiinfi‘s and exiaaiments 

on "the* piaadrntion of dyes into eells that the aiiiimd ei*I!s wliieh they 
Htutlhsl eontain larger port*s than tia* plant eells, 

Lid ns eimsidtU’ tht* simplest iiistanee, one in whieh the ndl proto- 
I'llasm is a eolhhd enpable tif swelling, with stirfaees limited by a 
pi*llielt* whieh ean nlsti swadl and tifl**riitg eertain exterior iKiimdartes. 
Any injury to this pelltelr* wilt Ih* repainsl of its own aeetirtl stiminvliai 
likt* rulther, \Vt* ean thus Cpp. 2Hf 2Ha'l readily iindm^tand how 
anurtHr ta* phmmnjIrH semi out protojilasmal prolongations, envelop 
bircHgn hoditv or Imeteria and ineorimrate them without Iheir margin 
lieing broken. As a matter of fuet, it must imimeiliately repair iif4i*lf 
just as dc«*H an oily film on water firokiai by a st«ua\ I*id us how 
this vh*w agrees with frirmer theorii*s, and to wlmt exfiail tiiiH view is 
an iiti|irovenaait. upon tlietm 

1\) begin with, it must be noted that ilvrarriix ii.ssuiiie.s tliiil n sub- 
stiuiee is taken up by the plasma jwdliele in iireordiiiiee math its 
eoeflicdeiit tif solubility, in ngreeitienl with the Iuukh tif Muluiimm 
(IlKNIiv’s {li^HirihiiiiuH'h 'Fhis may hi* the fuel in iiiiiiiy rast^s, only we 
miiHt reeidl that adsorption fidfillH similar eoiiditioiis for tlir piissitge 
of a Huhstanee through I la* plasma pelliele into the iiiterior of tin* 
eelL The tinly eomlitkin wdueli need be ii.ssiiiiied in order tliat ii 
sulmtanee may enter the intiTior tif a t*el! from tiiifside. is tliiit tiit*re 
Hliall be a rmrmhlr nimutpUmt by the plasiiiii filim Wliiit etirve of 
(listril)Ution this follows, is inuimterml ftir the presmit. Hiiil, as a 
matter of faet, in mimerous eust*s an ailstiroiioii eeriMinlv evist. 
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Imt not a (li8tril)utk>u acn'ordinf*; to IIknhy’s law, han Innai ck‘tt‘rnu!UHl 
by IL Bechiioli) in th(‘ action of disinftH^tantH (see* p. d99)» anti 
STEAtiB-FHEUNDUcn Oil tlic (listributitin of vt^ratrin ht^twinai la^art 
nuiselc and ptaicardial blood. (!. Loewe has shown l»y sini|>lt* 
physieo-chcanit^al (^xjKannuaits that li(><ads adsorb dyt'S, nart‘t)tics, 
nicotin and ttdanus toxin. Tlu‘ substanct' intta-changt* in animal t‘t*llH 
luus btaai studital most thorou^*:lily in tht‘ cast‘ of ml ifltHHl earpnsrirs. 
In my opinion (sta^ p. 301) tht‘ latba' havt* a vtay ptamliar stna*- 
turc, conditiomal by th(‘ir sptaaal function; tht‘ir lipoitl ptdiclt* 
is (piitc strong. In spit(‘ of this, wt* sliall find plumommia in 
tlic‘ caH(‘ of the (‘rytlirocytcs which cannot b(‘ brought into ataaini 
with tile ideal of a salt solution surroundtal by a stanipcaimaibh' 
nnanbraiua 

The theory of osmotic pr(assur(‘ dtanands that various istdonit* salt 
solutions shall have* (ajual influtaua^ upon the* volunit* of tla^ bltmd 
corpusch's. S. (J. HEniN*^* showtal, how(‘V(*r, that tliis is not tla* 
case, for instaiuas in isotonit* solutions of NaC 3 and KX< b; in the case 
of low(‘r comuaitrations, tli(‘ volumt* is smalha*; in tlu‘ case of higher 
concentrations it is larger than with the* corn\sponding XaC’l stdu- 
tion; we must naadl that the* Ntb ion favors swelling or the* de» 
fl<K*culation of e’eilloiels and l(*cithin; if the* outc*r pn*ssur(‘ is low, 
crystallouls l(*ave* the* bloeiel e‘orpuse*le*s, anel the* osmotic* pressure*, and 
conHC(iU(‘ntly the volunm of the t‘orpusclt*s, will be* h*ss than wit ti tin* 
(X)rrc*s|H)nding Nat!l solution. The* r<*ve‘rse* occurs if tin* oute*r solu- 
tion is hype*rtonie^. 

We find in the liteniiture, re*jH*at(*d re*fe*remce*s to the* p<*rmt*ability 
of tlie* (*e‘ll memdirane*, e*spe*cially of plants, for fiitmir, B. 

VAN HYssEtJiEReaiE* has de*monHtrati*d the* e*utrauc(‘ of <li|>henylamtn 
into trade*Heuuitia (*(*lls. If fungi, su(*h as aHpe*rgilluH nig<*r or p«mtt*il- 
lium glaucum, are* grown u|Hm a cone’(*utrat<Hl solution of Hitlipcder, 
the*y will take* up so much of the* (*le‘(*trolyte* that in the* <*nd tliey will 
have an osmotic pre*asun* of 2(K) atmoHphe*re‘s. Suc’h cultures ae’tually 
e^xplode* when plae*e*d in pure* wate*r. 

The* ability b) take* up such HubHtan(‘(*s as favor swelling is miie*h 
gre*ate‘r in the* e:ase* of young ce*lls with membrane*s that can swe*!! 
than in the* etase* of olel inedastic <*e*llH. On this ae*c*omit. an olile*r 
in^IH*rgillus cell may plasmolys^s* with a 211 pe*r e*t‘nt XaXtb soln- 
tion wliic^h poHHt*sse*H an osnmtic pre'ssnre* of only It)2 atmoHphere‘s. 
In this difle*rcn(*e* be»tw(*e*n old ami young ce*!! memhram*s, may lie* a 
partial e*xpianation why bacte*ria ami fungus i*iiIture‘H, itainely cu-gan- 
isms wliich multiply rapidly, r(»a<lily the*mHe»lveH to changed 

conehtiemH. Yemng and old c<*lls difTe‘r in their turgidity. 

R. IlehiEH*^^ pn*pare*d HUH|H*nHions of bloeKl c.orpusch*H in elilute ises- 
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tioii for 8ev(‘nil hours and the dilution is tluni uudc^riaktni, the 
liemolysis will occur only wIhui the cane su^ar couc‘(*utratiiHi n*aches 
2 per cent. Suflicueut tinu‘ has tlius hetai givtni for suits to leave 
the l)lood corpuscl(‘s and enter the (‘aut‘ sugar as was shown hy A. 
CUjHIUOlL 

Experinuaits of jAQtTKs Lokb*'^ ui)on tlu^ parthi^natjrnfsi.s (4' mi 
urchinLs egg.^ ar(‘ iii a(‘(*ord with this. If tlu* (‘ggs an* plactsl for a 
short time in hypc'rtonie salt solution and tht*n retunuHl to si*a 
water (whi(4i (*orr(‘sponds with thtur normal osmotic pn*ssurei seg- 
mentation tak(\s place. J. Lona'**’* found tfiat a cam* sugar stiluiion 
acts like a hupertonk salt solution (wtm if, as rt*gardH com‘(‘ntrntican 
it be isotonic witli tin* (*ggH. J. Lonn (explains tin* aeti<m by saying 
that the (‘gg pc41i(!le is p(‘rm<*al)l(‘ for sugar and salts, ami that the 
salts ditTuH<* out mor(* rapidly than th<* cam* sugar difTuses in, so that 
th(* outer fluid b(*com(*s hypc'rtonic. W(‘ must, monsiver, ns’ull tliat 
Huhstanc(‘s (*xist which to a c(*rtain (‘xt(*nt dost* tie* pathways autin 
matically, as for instance* the* S ()4 ion, whi*n*as othc'rs, esp(‘c*ially tirea, 
open a passage*, not only for th<‘mselv(*s but for oth(*r substam’es 
(see p. 55). The p(‘rm(*ability of r(*d blood (‘orpuseli*s and muscles 
for urea is th(*n no long(‘r surprising, any mon* than tin* (*hanges in 
permeability (observ(*d l)y M. Fnrui* and H. MKrunu^j in the 
plasma p(*Uich* of plants und(‘r tin* infhience ol' c(*rtain salts. 

This may la* accomplisht*d not only by (‘hc‘mical ag(*nch*s, but 
purely physi(‘al factors may have* an inthu*nct*. It might be «*x- 
pect(*d a priori from change* in te‘mpe*rature*; the* inllm*nce* (»f light in 
surprising, as expe*riments of W. W. LKcnse^iiKiN ami by A. I'lmxnnK 
have* shown. The* latte*rV e‘xpe*rime*nts indie*ate* that plant ea-lls 
(foliage) are* more* pe*rme‘able, ne)te)nly for Nad l>ut e*ve*n feu’glmame, 
in a bright light tlian in the* elark. 

One* e)f the* most re‘markable and still unexplaimsl plie*nonn*na is 
that whe‘n ele‘ath e)ccurH, the* pe*rme*ability ejf the ct*!l memlirane 
clumge*s into that of an orelinary meanbrane* wliieh re'tains only 
loieis. 


Assimilation and Dissimilation, 

Afte‘r a crystalloid foodstulT Inis (*ntert*ei the* eerganism, it In the 
organism's most impe)rtant task U> re*tHin it for mv; Wm h ar. 
complislmd by changing it inte) a (*olIoid, inasmue’lt as c-<imptiruteet 
(*ombinatiouH are* forme*d from more* or \vhh simply eentHtrueied rrys* 
talloids. From the* CO., which e*nti*rH the* h*af, stareli in birm<‘d 
imde^r the influeume of (*hlorophyl granules and tlaylight ; and frenii 
nitrate*H whi(*h have* e*nte*re*d througli the* resits, with the* adstancr 
of carbohydrates, proteins de*ve*lop. In the* animal orgimiHin, the 
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pp. 283 to 286), which, in spite of their considerable diameter, change 
their shape so that they pass through the finest vessel walls. If to the 
leucocytes is to be attributed a share in the resorption of fat, they 
must journey into the intestines and return laden with fat. It has 
not been possible as yet to decide microchemically whether fat passes 
the intestinal epithelium unchanged. [In the presence of protective 
colloids, colloidal gold will pass through Pukall filters which other- 
wise hold them back. Zsigmondy-Alexander, Colloids and the 
Ultramicroscope, p. 153, et seq. Tr.] 

One fact, at least to me, seems very much to favor the idea that 
fat may be resorbed unchanged from the intestines, namely, linseed 
oil, sesame oil, cottonseed oil, etc., may occur unchanged in the 
•milk, and foreign fats (rapeseed oil) may be deposited in the body. 
Absorption occurs almost exclusively in the small intestines (Naka- 
shima). Within the intestinal wall, neutral fat may be synthesized 
from the absorbed fatty acid alkali and glycerin, so that neutral 
fat is carried to the body in very fine emulsion through the chyle 
ducts, and in fact fat may enter the blood stream directly. 

The milky turbid lymph collects in the thoracic duct and empties 
into the subclavian vein. It is especially easy after the ingestion of 
fat to recognize ultramicroscopically, in the blood, numerous gran- 
ules (hemoconia), which may be considered fat droplets (A. Neu- 
mann,* K. Reicher*). 

It is possible, therefore, to follow visually the path of fat by means 
of dark field illumination. S. Bondi and A. Neumann* experimented 
as follows : at times, they caused hemoconia to appear in the blood 
by a liberal fat diet, and at others they injected a very fine emulsion 
of fat into the veins. Large fat droplets suspended in blood are evi- 
dently unable to change their form, and as a result cause emboli in 
the lungs, which may prove fatal. These investigators experimented 
thus with emulsions of lanolin, cholesterin, lecithin, butter and 
olive oil, whose particles were only recognizable in the dark field. 
They dissolved the fat they were using in alcohol and poured the 
alcoholic solution slowly into water with constant stirring. The 
alcohol was removed from the filtrate of this emulsion by gently 
warming it on a water bath. 

S. Bondi and A. Neumann then established that the fat droplets 
were not dissolved by lipolytic ferments during their sojourn in the 
blood.^ They are emulsified by the venous blood in the right heart, 
and after they have passed the capillaries of the lesser circulation, 
they enter those of the greater circulation. Their goal, like that of 

^ In my opinion such emulsions of uniform particle size could serve in measur- 
ing the exact dimensions of the smallest capillaries under normal conditions. 
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1. Formation of cellulose hydrogel in the youngest plant tissues 
as a chemically indifferent surface or framework. This primary 
stage will be explained more fully. 

2. The colloidal constituents of cambial juice become layered upon 
the cellulose surface by adsorption and gel-formation, and thus in- 
crease the thickness of the surfaces. 

3. Chemical reactions occur between the adsorbed hydrogels which 
lead to lignin formation. 

The following facts indicate the truth of these assumptions: 

(а) Colloidal constituents can be extracted by adsorption from the 
cambial juice. 

(б) The colloids adsorbable from the cambial juice and the run- 
ning sap are indicative of their lignin content, which means their 
wood-forming properties. 

(c) The quantity of adsorbable colloidal constituents in the cambial 
juice varies with the season of the year — (shown in the annular 
rings as early summer and late summer wood). 

Certain trees give such large quantities of spring sap on tapping, 
that it is easy at times to collect a liter or more in a day. In North 
America the sugar maple has this property. In Norway, Sweden 
and Russia people drink the sap of the birch either fresh or fermented. 
The trees are bored about 10 cm. deep, 30 to 40 cm. above the ground 
and a glas^ tube is inserted and sealed in with tree-wax. The sap 
drops through the bent tube into a bottle. 

To obtain the cambial sap, trunks of birch, pine and gray ash are 
sawed into pieces, 15 to 20 cm. long. The bark from 7 to 15 kilos 
of this is taken and then split vertically. The smooth inner layer 
of the bark and the outer cambial mass of the smooth surface of 
wood are well shaved off with glass. The shavings are placed in 
from 1 to 2 liters of water and allowed to remain several hours, a few 
drops of thymol solution being added. The water is poured off, the 
residue squeezed in a fruit press and the combined turbid fluids are 
filtered. 

The adsorption experiments were performed partly by shaking 
with finely divided cellulose (filter paper) and partly by siphoning 
through 'hashed clay.’^ (See p. 110.) In both cases the quantity 
of material adsorbed was estimated by determining the weight of 
the dried residue of (a) a measured quantity of fluid before adsorp- 
tion, (6) the same volume after adsorption. 

H. WiSLicENUS was able to prove in the case of the rising sap 
obtained by tapping the hornbeam and in the cambial juice of the 
birch, that the abstraction of colloidal substances followed an adsorp- 
tion curve, because the more dilute the solutions the more colloida' 
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Smci. miiHlar hfii.- ».*-rn ..i-a r-x 4 j*orr»; 

vjv i.|i|it ifa!« },v ,4 hsHi,-!.- t%ss4 jtiih U»«- 

rtiisyiiH* iii'Mi bii.i, ir>»m a- 34 Miv 

knitWH |4 bit-. w,Hi u».- .4 ?},. , .v-l-.f h.-,m %%iv. ■<» 

winvN^nJly r.'X-fv..4 !.v W !!..»k h.- ./<,!.u'..,-4 ■>*, ,ah.-h. ally 

«!iui» 4 :ui j».-r .-.•I)! ,4 ji.aiUiil int •,v,siJ. tii.- 

I» tlir rl.-iniiK.- »K.- «tf 

fllUt’Il VlliU't, ttlll'rJ’SlW H-i IeIIjiv.!):! n ^.1', .,}-,.4 !■'. fli.- inf 

wiili’r, ISy til*" JtUrjimi* „f •slinnkinj* th.- <-i»]|..24-! s.r--!. ni .bifinp; 

th« fftwiiiiH, t!n< iiriiaiMwii jv jjbb- K.t jM-rrsi-a <!»,■. ja-.. i.*.,,-...-.! 

ia oniHjr th«* wtlirr 4lf«»r||u«. ,Ste, 3lnjii suul sLriiiLiiki' ,if, HI fiiti. .1.- 
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p('U(l(‘ut upon the fonuut iou and n'lnoval of aeiels by oxidative proe- 
esHca. Th(' eoncentratiou of the produets of a r(*aetion in tlu' solution 
brings th(‘ reaction to a standstill. If \v(> arc' dc'aling with eh'avagc's 
the crystalloid products may be readily removc'd by dilTusion. This 
does not occur in the' ca.s(' of .synthc'tic' colloid products. Nor is it 
so essc'utial b('cau.se from the point of view of tin' law of mass iictiou 
they an' not to Ik' n'ganh'd ns dissolved. 

W(' know ('uzymes to b(' tin' I'.xcn'ta of tin' .stomiu'h and intestitn's, 
but we also know that ec'lls tln'tnst'lvc's contain ('nzymi's; w(' may 
mention the uricolytic ('tizyme of the livc'r and zymasc' of ycjust 
which, fennc'uts sugar. 

We must also rc'c'all that enzi/nwH are tin' most st rongly adsorbc'd 
of all the colloids of tin' body, and that thi' abilit.y to b(' adsorbc'd is 
largely depc'iulent on tin' acid or alkalint' eharactc'r of the nu'dium. 
An enzyme may !«' so fixc'd (c.(/., ri'unet by charcoal) that its veu-y 
oxistc'uoc' is no longer (h'termiuabh'; a change' of n'action rc'calls it 
to lift'. It may also btt n'lejised liy tht' approach of auotlu'r colloid 
(in our examph' casein) by which it is atlst»rbi'd still mort' strongly. 
We thus gt't an inkling of the great im{«)rtanct' t'uzynn's havi' for tht! 
lift! of tht' cell, witht)Ut as yet untlersttintling the dettuls. 

The conditions gttvt'rning ili.sm'iiiil(t(ion art' nmch nn)ri' retnlily tm- 
dt'nsttKKl. Thrt)tigh euzymatitt cleavtigt' t)f t'ollt)itls, tht'rt' tirt' formt'd 
crystalloid protlucts which pass into tin' ciretdating fluitls of tint or- 
ganism by dilTusit)!! anti It'tivt' as t'.xcrt'lti, or, siftt'r oxidation to CJO2, 
are expired. 

We mast not conttlutle that in every instant't' tht' I'litirt! t!olIt)itl 
molt'culc brt(aks tlovvn into crystalloid cleavagt' protluttts. fa this 
way, by the .splitting ttlT ttf indiviihml “sidt' chains” (P. Mnimn:ii) 
thetrt! is jn'rmitttsl great varisition in cell lift', which vvtt might assumt! 
frtan our previous cxiM'rieutttts. 



CiiAFTHlt XV. 

010WTII» MEmMillPliaHIH mi} PE¥ELOPIIIIfT« 

Growth. 


Of id! flit* prohlriiiH in tnii- at ihv ittiHf iliUinilt nml f||i|| 4 |,. 

FiigroHsiii^ in llii* t*i I'nn^tiint H|if, Fruiii m*liirlt 

i*xtt‘rtiiilly mil linnlly hi- diHiiiiniiiHin'il. h*- *h*ir!i*|i n t|iiiiih mi 
oak triH*. II liiifh’rtly or a iiiiin. In tln-ir rvuliitiiiu Ihimm 

till* miiii* t*i tin- miin- ultiiinil** inriii.H mtiirdi aft**r ii 

jirtigri'Hsivr HiilO'Nriiir«% rrliini ft* till- rti-rUid |4' rvulllliuli. 

If \vv try t.ti mliifr i|rvr!i*|iniruiMl III lilfir 

\vv ftml ilil'hiHiim and 'Hirllniu |di»oiMiii**iFi ttilh tin* 
foriiiiition of |irfTi|ntiif**-"’iit»inhranrH. 

H. F. HI'NOI;* ii'lio lii^rovrmi arnl m s-oni ti-ir, aiitl ivlm 

mmio till* firi4t uniliri oolor/ |nihlndn-4 a !»it#«ik m tthirli ih huv of 

thn nio-Ht iirii^iiia! Mriiiifitir | r-vrr It mllnl 

Jkf H\hiun^p’itrwh ^Irr 

(Thr fti'rmHfiir -Oh’^foirf mniirr f 
Pirm’il I H O III* mult u'kiii 1 / « Ir f ^ I huju rr j 

fiv ll«, F. Iv Ut 

fClf*|l||r|||*ltf|| IVsiltr^i !»%■ Usr 'i 

Tho laifik of n mlh^rtion oi hhiitmic l»*iivi**i* iiiniii 

wliifli viiriiin*4 irnirpiiiir mlt mlnUmv* am-r »lnt*U'4. ila-v 
fititl giiVF riiliifH fiv ttiiirl* l}ir iii«i^%! r«-nyirliiihh' fi^nrr^i iirtr firotiurril. 
At flffil gllilirr lfiri40 to hr lini'rr foriim «»f fiiiiliiiil lilr,. iiiiir*liiF 

or rtiiitij»«lii% iiiid lin^ rollrrlion, |ii?tt m f I %* KFi/’t ' ' 
dor Xiiliir**^ iiiiiclit iFril n.^ a !r%! fsir 4**?nFni*"r'r iM-rntifii* it 

iifoim mirh II iniiltifii4>* *-4 «ith rr.n|wri, Oi r-filnr iiml 

Alt tlir |i||gr-^ iif |||r ro||r'r||Mii iirfr jn^‘|ritr4 iIp* iii|f||tir 
tiiiiwolf fiiot firiiiltali iiiid iir<- iirroiii|.iiiinr-4 h% n •aiinll mmmui *if 
l<*xi wliirti t}ir iiirijpid of |»rr|-iaratiMii 

Hit* l♦X|ll|||||il|ll|i Ilf rrr-J|||0|i<^ 1*^ ri|.ni t*# t||r imllptr, 

in out* of lii!4 i*iiiirlii,?iiiiii:H : 

* |h||^^ hill, |*» |rg;ir4r«| i|.n <4 |4ir.ir<4 ihr |.' ^ 1 ^ II « 

lft:xiir IHuhi\ 

t»f tllr fir^l llfllllli rillMf, OlillHr. '\*t ] 
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After all, I believe I may make the assertion that the creation 
of these pictures is due to a new and hitherto unrecognized 
force. It has nothing in common with magnetism, electricity 
or galvanism. It is not stimulated or created by any external 
force but is iruiate in substances and becomes active when their 
chemical affmities neutralize themselves; that is, they undergo 
selective attractions or repulsions, and thus combine or sepa- 
rate. I call this force ^ Formative Instinct ^ and regard it as 
the prototype of the ^ vital force ’ of plants and animals. 

Of course, no special “Force’' need be invoked for the explanation 
of Rxjnge’s pictures. They are the result of very complicated 
diffusion and capillary phenomena associated with chemical trans- 
formations. 

What is especially interesting in Runge’s pictures, on the one 
hand, is the constancy of the forms obtained by employing similar 
substances, and on the other hand, the extraordinary multiplicity 
brought about by the diverse action of different substances. 

If we let a drop of copper sulphate solution fall on a piece of 
filter paper moistened with potassium hydrate, at the surfaces of 
contact a membrane of copper hydroxid forms, which changes 
rapidly but always in the same way. If we always employ the potas- 
sium hydrate and copper sulphate in the same concentration, the 
copper hydroxid boundary will always have the identical form, 
provided the same filter paper is used. A change in the concen- 
tration of one or the other ingredients, however, gives a membrane 
of different shape. If, instead of copper sulphate, we place a drop 
of copper nitrate on the paper, we obtain forms entirely different, 
and a drop of nickel sulphate changes the picture completely. We 
thus see that small variations in the concentration of the solutions 
and in their chemical composition possess numerous possibilities 
for the formation of new shapes. 

In the living organism variations in concentration perpetually occur. 
We know from biological reactions that not only different animals, 
as, for instance, sheep and lions, have chemically different tissues, but 
that evenjthe ass and the horse, and indeed different races of men, 
may be chemically differentiated; consequently the second condition 
for variation in form is also given, namely, the difference in chemical 
composition. The processes of the body (organism) are regulated by 
its colloidal state, and this very colloidal state also permits the re^en- 
tion of shapes. 

If we seek to leave this^ far too general point of view and study 
details of the question more closely, we encounter almost insur- 
mountable difficulties. 

If a small lump of copper sulphate is thrown into a dilute solution 
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eouj^li^s iX HHHJHIY MHlHtlSK 


of iwtiiHHiuiii thrn* will Hinm ii hrinvii niv^kipt^ 

wlurh tliniWH mil lipwiinl-grim'ini*; nmui-r^, mul in half an larnrH 
timi* tlu* iliiitl y fillrti with wliirh vividly rti‘all Initlt tlir 

luui t!»‘ roliir nf Hvnwninl; if u Miudl aiauiint ijl.a pvr I tif 
gt»Iatin hiw hmi atldrd to tlir wntvr, tin* tigurvH hiiv«* .siiint^ ntatiility. 
TIu'ir davnlupnii'iit in riLsily nxphiiinvl: thr ri»|ijii*r siiljiliiifn din- 
HdIvnH and immiHliatnly farin'^ a MfiniiMTinnahln ninnhrfiiif nf tMifiprr 
fnrnKwanid. iliniugh whiidi no vopjii^r .Hitliihutr van r.!4ra|ii% Inil wati*r 
may viiitT. Hint*v a vtnivviilratt^tl Holutiiiii iil* taijifirr Hiitpliali* m 
formiHl within, walvr will hv aliHurlHHl imiil llii* innsihranv 
wlwreufKin thv mpja^r mtlpfiatv M»lutiuii tn linnigtit iritii iHintart 
with thv {K)hwinm fvrriM‘yanitl again and forinH a uvw prlliiit* of 
coptM‘r fvrmvyanid, and thnn thi^ prowxH on, 

iSTKVHAMn LKina:? luiH Htiidimi tItoHv inoHt indiiHtriinidy 

ami han diHruRMinl ihvir Higiiifivaiiw in nninorotis puhlivatioiiM.^ 

Hunm of hin ilin*rtioim aro hvw giwn: rrvparv graniilo.s of I part 
HUgar and I or 2 partn riip|M‘r Milphatv, *V\m h M’attrrrd in a fluid 
conHwting UKl pariH of walor and fn»ni HI to 2tl parH Hi pi*r rrni 
gtdaiiii, 5 to 10 pnrt^^ Hjiturat«‘it iKiiaM^^Huni forroryiiiiid ?*olutii*n and 
f> to 10 parlH ,Hiiturato«i Mwlitiin vlilorid Mdnlinin uhirh inixlnrv haa 
hvnit lu*aiv«I to 40 'dt»groi*H i kiOigradr. In Itii-?^ %vay wr iilaain ligurrH 
likv that in Fig. 41 . wliivfi may attain a hviglil iif -III mn Tin* gidatin 
inmlhlilhnl hy fooling and tin* tignrfH iimy ho prrnrrvt^d. Ulln'r fig- 
urvH am cihiahnnl hy thnaving grannlf-'^ «d fu.?^i*d falfinni ffdorid c.ir 
barium fhloritl into a fonrontmlfd .Holniion of ^.odll. 


Anot!n*r riTtjif in: 

Wiite . . . . , . . I tiller 

3*1 |w «***fit imlmMium \%iitrr wilaiton ^ni, 

Hiiiwmtfd itiwiii ?4i4ntiiii» , . , gin. 

wnliniti milntniti . , ill giti. 


Bfiiutifiil hmiifiiiiig ligumn am givim by wittrriiig fahaiim fliltjrifl 
grami!rj4 in thy inlxtum. 

Till* riiom fonfimlrntinl llm Hohitioin^, Ihr tmm* rapid t!if grtiwlli 
and tlif itiort* lininrhing iiinl doliralo ar»* tin* ^tinpi*^. If I hr mitfr 
water In diliitiHl wliilt* tin* grow-ih i^ in prognr^H, wr inny profiiif*f 
figiimH with «tfirw iiiifl toj^. liko fungi Oiin.?«*tiriK.itiiM nnd liiiidHtt.ioiH, 
c*tc*.). Tlifrff figtiroH miwt to Hmall fhiwigri^ in n^iiiotir prfHmirt*f4 by 
(’hanging thrir Hhii|n\ 

* I diiill only liw liilwt |Hihl}riiti*i!i^^; Hi, IliirliPtii. SCfrtrltr. 

(Fwthiifiil f. II. J. lliifiil»iirK**rk 2^1 n ff- I rfMiwiifirr.ti t wfipi! iiiiii-'.rt t*t 
roripiiiMiw ^iTf^n vivitlit.i4 Cllar4i*-I>in‘. p ifr III Vir f’t 

la hingfiif^nf Moltridt\ ft 12 , |i|iy«iro---rl$$iiiji|iir ilr In vm 

(Piirw, IfllOi, Iji ilyiifiiiiiiiui’ tli* In viv i\, Hotinit, Fury, piHI., laitl iniuiv wllum 
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Ht. I^HDi-c' ralfulattMl tluit a K^mulo of potassium tVrnH*yauid 
ac‘ciuiriHl laO times its orii^imil wt‘iji;'ht when it ixrv\\\ aiul that rahaum 
struc*tun‘s ueciuinHl many humlretl tiuu'S their on|i:itml weifrht. 

Tlu' internal .^irneture, also, has soim* similarity t(> natural forms. 
Thty havt* a et^llular stna^iurt' m Ht. Lkduu showtal l)y mierophoto- 



Fiti, 41. Artifanfilly pu’imrin! HmwtHnl, (Minh* hy . Pinhir.i 

^rapliH, Fig. 42, and as eouhl he inferred fnan tlie way in wliirh tl»ey 
arc* formed, din* solution, e.c/., of eopper Htdpliiitc% wltieli is sur- 
roundc*d Ijy a memlaanc* of eccpper ft‘rroc’ya.nid, imlhhes water until 
the* m<»ml)rane hursts, and som«* t^oppea* sulphate solution i:H exuded, 
wliieli Htraiglitway surrounds itsc'If with a hint of eopper hn’roeyanid, 
and thus a new eell is fornnsl. ddn* proec*ss rt^peals itsedf and cute 
c*ell is addcnl tet ancttlter. 

It eannot la* deuicsl tliat the pieftin*s rc^prcalueed have a marki’d 
cxxternal reHemliliincc^ to natural algte, ftmgi, ettu^ and that i! is 



r()l.!.(U!>S JX HUiUUiY ASH MHHIt'IXK 


2r>t’) 

possible t« imitate mteletis ami eeli tiivi'-ioii. Kf'Hvth u!«i ul! sorts of 
pheiuimeiia, ami that even their iuterual slnietnre is iu many re- 
speets suKttestivi* of a eellnlar struetiuv. Itouhtif'.s -.Irnetnres do 
oeeur in nature whieh develop in tlie same wav as these artitieini 
osmutie pniduefs, lit fruit wiites after fermentation, H, Mmi.iut- 



¥m, 42, <if mtnniu" ii rrll*ilitr 

TiluiiciAU* fouiui vrHirifH wliirh wi*ri^ lillril witli Ufirtrriii iFii. 411) 
mi ihv yt'iiHi ■'‘hiM’trria vr^irlr^** wt-n* 

hwuim* till* tndbul idiiiiinititnl hy tlir tiiitirrb* iii nut- 

juurtiiin with t!i«' fruit wiiii% whirh tiyiiiiii, ii Hriiii- 

|K*riiit*iiljh^ iiH*Uihranf\ i% vrmrlt% that i^mwH aiui nut. Ititiiilrfi. 

Ih iimr. rmlhj nn unnhuij in thr dtirhpmrtii ilwm' iiirmiurm In 
tfm diwelnpmeni n/ nniurnl nr{pmimmf ^ 'fhi* fart tlisit l!ii*rt‘ h tmi llir 
rfightt'Hi ruHi^ui!4aiin* tt* tirgiuuHiiiH muy hi* niiiiiilfl-rty 

(liHregiirtliHi mwv Ht« Lkiu’i* lutd all wlai jihiiri* liin vmwu tally 

of the HituilarUy of th.e itltyHim! forer at work in liotli. 

5 W. Hot'ic liiifi tri*iit4*<.i till’ riiiiri’ ifin’iit if iii in a Vf*ry tfiptnirtivr «xmmv ini tlw’ 
KiitiHlIirlit' KmniRuiij^ v*m in llii’ ** iFniiik* 

fort a. M.), Nr, H, 
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It is a detriment to the scientific treatment of the entire question 
that the outward resemblance (form and color) is so strikingly like 
the natural structures. Involuntarily, we are reminded of wax 
figures which move their arms and legs. Though the internal st^ruc- 
ture has some slight resemblance to some natural organisms, the 
analogy completely fails if we consider such de- 
tails as cell division and cell multiplication. The 
figures of St. Leduc absorb no nourishment, 
other than water; their increased weight, as far 
as solid substances go, consists only in pellicle 
formation, and in spite of a shape suggestive of 
higher organisms, they have no differentiated 
internal structure, and the cell division has not 
the remotest resemblance to natural cell division, 
but occurs intermittently by bursting, etc. We 
might, if it did not seem fruitless, multiply the 
dissimilarities indefinitely and we might show 
that metabolism and the development of germ 
cells is out of the question in such formations. 

We must not overlook, in the presence of all 
these dissimilarities, that the physical forces 
which produce these inorganic formations are 
the same as those which produce the growth and 
configuration of organized material: membranes, 
osmotic pressure, diffusion. 

In one point, at least, Leditc^s analogies fail completely: except- 
ing the membranes, they are devoid of colloid material. We have 
already seen that swelling frequently replaces osmotic pressure. 
If we could imagine the crystalloid material of St. Leduc 
replaced by colloids capable of swelling, we would have the essen- 
tial physical and chemical conditions for growth and structure of 
organisms. 

A serious study of these problems, one which extends beyond ex- 
ternal resemblances, is still in its earliest beginnings; see R. E. Liese- 
GANG, Nachahmung von Lebensvorgdngen. Formations resembling 
the creations of St. Leduc have been independently noticed by 
others. B. D. Uhlenhuth* produced beautiful growths by putting 
iron objects into antiformin. Antiformin is a mixture of sodium 
hypochlorite with sodium hydrate. The formations consist of 
iron oxid, and their development is easily understood from the ex- 
planations that have been already given. Since a small amount of a 
water-soluble iron salt must be formed first by the action of the 
hypochlorite of soda on the iron, the growth is slower, the figures 



Bacterium mani- 
topoem from a 
pure culture in 
sterile pear juice. 
The vesicle has de- 
veloped a long 
transparent tube. 
Magnification 
200:1. (After H. 
M iiller-Thurgau . ) 
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vdijjnm IN Hummy asi^ 


arc uioiT heatitifiil aiitl }H>H^sihly iiitin* liaiiiraL lii iwu Iliti 

atructureH attaiu a hiiglit tif tnaii a Uj 111 riii, 

The grawtliH deserilnnl iiUiVe uffiT iiliiittJgieH tei <.»r^iiliiHiii8 wtiirli 
are reiiipletely Hurnnuitltni !»y water ouly, y**l lli«*ri^ an- lliii»* whii-ii 
olItT a n*Hemli!aiu*e to flu* icniwth ol' ferre.^trial pUmin, Wr 
meuiioii tlu^ of niiiiiy ery.H|iitloiti .Mihf^taiire*^, e,N|ierially 

the aautioiiia salt?-^. 11. liiw thortnighly .Htititinl the 

growth and Ht.rin*ture of jUmmsi If g^lllli!e.^» nl aliiiiiiiiitiiti 

wliieh luiVe tH^ni netivated hy eoiitaet with Irai*ej4 of iiieiTiirv 
mate, for example, are tHninitUal to lie in a |itaei% viwy j^iton 



Fio. 44. Fiherif t»f filiroiw alttnihifi* x ’411, (Froiit II, 

filirouH Htriieinri‘H grow from Iht* wliieli in n few lioiirH imiy 

reaeh more iha.n 1 eim in leiigtli. Tiider th«» iiitliieiiei* t.»f ilii» liierriiry 
as a eataly^4!r, aluminium oxtd is formt**! from tin* idiiiiiiiiiiiiii iimini* 
ing to tlii* formula: 

A 1 TdlM) - Al (cdl), d- :i!I. 

In this itiHtatwe it in not ttte ostiiotie pressure of enlrriiig %viiier 
which hursts tlie films, thus hringtng a fresh iinUjil siirfiire to ilie 
reaction, Init tht» presHure of the hydrogen gas. 

Tliough in thin case, m w*ell, there are many gups iii the resriiiltlniict! 
to natural cirgautsms, itevertheh»s,H tlie fibers foniird shorn* cerliiiii 
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lu thi‘ first place they rc'Sianbh* most, orgauit* fiht^rs by b(‘in|»; 
(liuibly rt‘fraetivc‘ (Ij. Jost*) thou|»;h this (loubl(‘ refrac'tiou is 

eaus(Ml by (lifh^reut (‘onditious than in or|>:anized structures. In 
euutraclistiiu'ticui tu natural fibers, tht' substauc(‘ is isotropic; it is 
only its lainc/llatt‘(l striudun* which producers that type^ of double^ n'- 
fraetiou (11. Ambhonn'’') which is found in tlu^ siliceous (‘uvelopes of 



Fia. 45. PitHM* of <lonl>ly difTrucMiuK alumina. MaKuifictl X 440. 
(Aft<*r H. \Visli(’t»tius.) 


tliabuns (c.f/., pleurosigma anti ainphipltnira) and probably also in 
talmshcHT, tht» t*olloidal silicic acid which occurs in the int(‘rnodt‘S of 
Htunt! Hp(H*i(‘H of biunboo. 

The Genesis of Structures. 

What phnm is for thc^ physical chemist, crlls and an^ for 

tht! biologist. Like idiaH<*s, c(*11h and tissues arc» “fHirtions of a 
structun* separated from out' anoth(*r l)y physical interfacH^s’'^ (Win- 
HKLM OsTWALids defiuitlt)!! of phase), interfaet* may c*onsisi 

(tf an immihlr (ranmUan layer (see \h 280). Th(» int<afa<'<‘. is most. 
t‘vi<huit when it (‘onsists of a nmhle nietfibrnrui Sticli a meunbrane 
wliidhtT viHildt‘ or itivisible is always a structtin^ iHK)r in water. At 
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the interface against air it may be created by desiccation. Within 
the organism, we must assume that membranes develop similar to 
chemical precipitation-membranes. If we add silver nitrate to a 
solution of common salt, a precipitate of silver chlorid is formed. 
If we permit common salt and silver nitrate to diffuse together in a 
jelly, at the point of contact a membrane of AgCl develops. We con- 
sidered the results of this more thoroughly in the introduction to 
this chapter. It is now, therefore, merely necessary to recall that not 
only may crystalloids form such membranes in a jelly, but that with 
albuminous material H. Bechhold*^ produced such membranes in jel- 
lies (phosphoric acid, goat serum and goat-rabbit serum). Theoreti- 
cally, therefore, the development of membranes offers no difficulties. 

The development of a precipitate in a jelly gives a certain direction 
to the further evolution of the process. The sense in which this is 
intended will be elucidated by some examples; by membrane forma- 
tion, to begin with. Substances which form no membrane by precipi- 
tation, diffuse together unhindered, and in time become completely 
mixed. If a semipermeable membrane has formed, it behaves like a 
solid wall that arrests any further mixture. If two solutions of equal 
osmotic pressure diffuse together in a jelly till they form a permeable 
membrane, no matter how thin, e,g., sodium chlorid and silver nitrate, 
diffusion ceases as soon as the membrane has a very slight thickness. 
If, however, the osmotic pressure on one side is greater, the mem- 
brane continues to grow until the osmotic pressure is equal on both 
sides (N. Pkingsheim,* H. Bechkold and J. Ziegler*^- 
The phenomena are exceedingly interesting when precipitates de- 
velop simultaneously in several places. These phenomena have been 
studied by R. Liesegang.*^ If we place on a plate which is covered 
with sodium chlorid jelly, a drop of silver nitrate, there forms a 
disc-shaped precipitate of silver chlorid, whose circumference in- 
creases equally in all directions (a circle) according as the silver 
nitrate diffuses into the sodium chlorid jelly. If, however, two 
drops are placed on the sodium chlorid jelly several centimeters 
apart, there develops a picture like Fig. 46; the two silver chlorid 
precipitates grow towards each other, that is, an “apparent chemical 
attraction^' is observed. The reason for this is as follows: im- 
mediately upon applying the silver nitrate, the jelly loses sodium 
chlorid because of the precipitation of AgCl, and this causes a 
movement in the entire mass of sodium chlorid: the spot where the 
precipitate forms is deprived of chlorin ions, which then diffuse 
in afresh from the periphery. If two neighboring drops of silver 
nitrate have been placed on the sodium chlorid jelly, there forms be- 
tween them a region poor in chlorin, which thus permits a more rapid 





Fig. 51. Laminated urinary calculus 
Fig. 50. Liesegang^s rings. (From (urates). (Drawing by H. Schaddej 
F. Liesegang.) ixom von Frisch and E. Zuckerkandl.) 



Fg. 53, OiLdroplets super-saturated with cho- 
lesterin. Crystalline separation of cholesterin 
may be recognized in several droplets. 



Fg. 52. Primitive gall-stone 
pattern. (Myelin clump.) 
Magnified X 62. 



Fg. 54. Laminated 


calcium bilirubin 


stone. 


PLATE II. 
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iidvaucc' of tlu' silver uitrate. What is shown here in the case of the 
silv('r (^hlorid holds for every other precipitate, and for every osmotic 
(listurhiUKHs provided only that dif- 
fusihlo sul)staii(‘(\s arc^ pnvsent in a 
jelly. 

If sueli disturhain^c's (procipi- 
tati‘s, nu^nbraiu's) otuuir simultane- 
ously in various phuu's, it is possible 
for tlu‘ most eom{)li(*at(‘d fi^’un's to chemical attrac- 

form. 

In addition, \V(^ must eonsicku- the changes which occur in the ordi- 
nary eours(‘ of sw('lling and shrinking of the colloidal material. 

As far as I know, it has hitherto not been possible to explain 
such a pluaionumou in vivo. I wish to refer to only one analogy: 

( •, V, AuiioNs-KAi’Puiis'^ d<‘s(u*ib(‘d as neurobiotaxis a phenomenon of 
lU'rvi' fib(‘rs: if two iumwc' (H‘11s, a certain distance apart, are injured 
simultaiu'ously or in elos(‘ succu^ssion, the growth of the chief dendron 
of l)oth injiUH'd ganglion ccdls ocKUirs in the direction of the other 
stimulatt‘d or injurc'd (*{‘11. Wo thus have a growth towards each 
otht‘r, analogous to tlu' ai)par(mt (diemic^al attraction just described. 

(('. A, ICt.smoK(j (’oncludes from his experiments that hyperneuroti- 
y.ation of a normal mus(‘Ie is impossible. A normal muscle cannot be 
mad(‘ to take on additional ruu-ve supply. Tine implanted nerve can- 
not makt* luniro-motor coniuudions. If the muscle is permanently sep- 
arattul from its original tlu^ implanted nerve will then establish 

such conn(‘(’t ions. S(‘ience N. S., Vol. XLV, p. 319 et, seq. Tr.] 

Naturally, (‘(‘lls mutually rnodify (uudi otlua-’s shape. A structure 
wliich would d(W(‘lo[) spheri(uilly if uninfluenced, under the pressure of 
neighboring cells acupiin's a rc^ticnilatcMl, fibrous or pavement shape. 

Layered Structures. 

W(* saw that if two solutions wlbudi form a precipitate meet in a 
j(»lly, a pniupitation nuiubrane develops at the point of contact. 
Provided tliis is sudiciently p(‘rmeal)le and one solution has a higher 
osmotic* prc‘ssur(% the rtuunbrane (jontimies to grow uninterruptedly, 
lHH*oming (Constantly thicker until the osmotic pressure is the same 
on both sid(‘s. In 1898, 11. K. Lieskoano*' published an observation 
which doc*s not accord with th(‘ (continuous growth mentioned above. 

If, for instaiuu*, ammonium Inchromate is dissolved in melted 
gc*latin, wlii(*h is th(‘n solidific'd in shallow dislws, and upon it a drop 
of silvc^r nitrak* is placanl, tlum tluu’e does not dcivclop upon diffusion a 
constantly thic^kcT [)r(*(‘ipit.at ion mennbraru^ of silver chromate but con- 
ccmtric rings calhul LiESEcuNcds rings (see Plate II, Fig. 50). The 
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experiment may be performed by solidifying the ammonium bichro- 
mate gelatin in a test tube and layering some silver nitrate over it. 
We thus get instead of rings true precipitation membranes, which 
are separated from one another by layers containing no silver chro- 
mate (see Fig. 47). Subsequently, Wilhelm Ostwald,*^ J. Haus- 
MANN,* H. W. Morse and G. W. Pierce,* H. Bechhold*^ and 
E. Hatschek studied the development of these rings. It may be 
assumed as a result of these investigations that the formation of 
such layers is the result of a very complicated combination of events 
whose further elucidation at this point would 
carry us too far afield. 

It should be definitely stated that the de- 
velopment of rhythmic structures is in no way 
dependent on the interdiffusion of two solutions. 
Similar structures may be produced in jellies also 
% crystallization (e.g., tri-sodium phosphate) or 
by freezing water. 

The ring formation occurs especially when 
ammonium chromate and silver nitrate come in 
contact; at times there may be produced as 
many as twenty or more parallel membranes, 
which, according to the concentration of the 
solution, may be separated from a fraction of a 
millimeter up to 1/2 centimeter. They have also 
been produced by numerous other precipitation 
reactions. 

H. Bechhold prepared similar stratified mem- 
branes with organic material. This occurs readily 
if serum mixed with gelatin is permitted to solidify 
in a test tube and metaphosphoric acid is layered 
over it. The number and beauty of the mem- 
branes depend very much on the relative con- 
centrations of the solutions employed. Most 
advantageous is a mixture of 2.5 per cent serum 
and of 5 per cent gelatin, upon which is placed 
2 per cent metaphosphoric acid; this gives as many as five concentric 
rings. The author obtained two parallel membranes by the diffusion 
of goat serum into gelatin, containing goat-rabbit serum. 

It is evident in the formation of this kind of layered membranes 
that the phenomenon noted on page 85 et seq. plays an important role: 
colloids only precipitate in definite mixture relations, and solution oc- 
curs in the presence of an excess of either one. This phenomenon can 
be followed visually in the above-described membrane formation. 


Fig. 47. Stratifica- 
tions in a test tube. 
(F. Stoffel.) 
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It. is (‘iisy to iinuKiui' that laytanal membranes develop by the re- 
riiiH'al of a substauei' which holds auotlu'r substance in solution. I 
hav(' exptTimi'utisl with this end in vit‘W by dissolving globulin in 
gelatin containing sodium chlorid and layering water over it; when 
the sodium chlorid <iifTus('d away, tlu'U the globulin precipitated 
out. As a matter of fact no layen'd structures developed in the 
g(‘latia but only t urbiditic's uniformly distril)uted. This does not 
by any means mean that, with a dilTenmt arrangement of the ex- 
periment, regular layensl nnaubranes might not be obtained. 

In organi.stns we frecpumtly encounter dratijied structures which, 
in most cases, occur as tin' n'.sult of rhythmic; deposition. The an- 
HUtil rings o/ iirrs, the' various laycTS in the otoliths of young and of 
old tishes cannot bc' e.xplaiutHl in any othca- way than that periods of 



Flit. -tS. .Stnreh nmntilcs. (Kilnitsi-Cicrloff.) 


n*Kt follow jMM'iods of strong accretion. In contrast to these ‘ external 

rhytlmiH*' whit’h ctlnicniHly iiiv iiuliuuHl by changiup; coiulitions affect- 
ing an then* arc* iiIho lay(*nHl Htru(*turc*H with iiitciiiul ihytlnns 

which ritujs As such, we must regard starch 

gmim (Fig, 4H), the silic^ious, spoiiginous and ealc/areous structure of 
siHinges, and the* |H*rfi)niti*d eah^ananis sludls of the*, foraminifera and 
many (inh seak’s. H. LiKHK(J.\rsr<>*‘* itit‘utious in adlition tlm con- 
lainelhe about th<* IlAVKitHiAisr (^am.ds in l)()U(*s of verte- 
brates, the hhIh of th(* ndina and th(* spiral cross strue of muscle 
fillers. W. C lEniiAiurr eompan*s the rhythmic, markiiigs on butterflies 
wings to Likseoano stnndiires. I'he c.oarsc* lay(U*s of the otoliths 
of fishes, tin* anmnd rings of tn*(‘s, flu* (*(m<*(*ntri(^ structure of pearls 
art* pt*netrat(*d by still tlnvr layers, whose* formation R, Liesegang 
thinks is anaIt>gt)UH to tlu* formation of tlu^ rings lie described. 
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E. Kuster has called attention to numerous rythmic phenomena 
among plants in which the influence of external forces cannot be 
repognized and which consequently he attributes to Liesegang^s 
law. Among others we may mention the thickening of membranes 
in vessels and tracheae, the bands in striated portions of plants (herbs, 
pinus Thunbergii Pari.), and the rhythmic changes in many blos- 
soms. Doubtless the number of instances where we may entertain 
the idea of internal rhjrthms may be increased at will and it will be 
the task of future investigators to determine the essential causes. 

A valuable contribution in this connection was made by M. Munk 
who studied the formation of fairy rings. When moulds are grown 
on bread, nutrient agar, etc., we frequently observe growth in con- 
centric rings which suggest Liesegang’s layers and are popularly 
called fairy rings. 

M. Munk demonstrated that the accumulation of metabolic 
products interfered with growth, causing a zone where there was but 
little mould. In the case of some strong acid producing moulds 
the distance between the individual rings may be regulated by the 
addition of alkali to the nutrient medium. If litmus agar is used the 
blue and red rings make visible the cause of the ring formation. 

It is interesting that layered structures in the ends of the periph- 
eral nerves, which were looked upon as real, have been proved to 
be artefacts, Golgi stained nerves by saturating them with potas- 
sium bichromate and then treating them with silver nitrate. He 
obtained stratified structures whose appearance, as H. Rabl showed, 
changed with the concentration of the solutions, and they could be 
nothing other than Liesegang^s rings. 


Biological Growth. 

The fertilization of the egg is evidently the cause of the powerful 
swelling processes^ which are possibly induced by the formation of 
acids. According to Jacques Loeb,*^ oxidation processes accompany 
the development of the egg (whether fertilized or parthogenetic) ; 
without oxygen no development of the ovum occurs. The increase 
in the volume of the ovum of Echinoderma, until it reaches the 
pluteus stage, is entirely conditioned by the absorption of water 
(C. Herbst*). Before the larvae reach the pluteus stage they can- 
not assimilate any organic nourishment. Davenport* in the case of 
frog embryos has shown that their dried weight remains the same 
or diminishes till the moment when they commence to eat. Their 
water content on the other hand was enormously increased. This 
absorption of water is not due to an increase in the osmotic pressure, 
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since the fertilized and the nonfertilized frog’s egg shows, according 
to L. Backmann and J. Runnsteom,* only 1/10 of the osmotic 
pressure of the egg in the ovary, or of the adult frog. In the course 
of development, the osmotic pressure increases so that in the tadpole 
of 25 or 30 days, the osmotic pressure is almost the same as in the 
metamorphosed animal. L. Backmann and J. Runnstrom agree 
that the decrease in osmotic pressure is due to the fertilization, which 
results in a gel formation by means of which crystalloids are adsorbed. 

After a certain time, which varies for different a,nimfl.ls ^ but not 
as yet definitely established for individual ones, a shrinking begins 
again, as may be seen from the following data, taken in part from the 
tables of H. Gerhartz*': 


Man. 



Water, per cent. 

Dry substances, 
per cent. 

3d fetal month 

94.0 

6 0 

6th fetal month (Rubner) 

90.0 

9.7 

7th fetal month (Rubner) 

86.0 

14.0 

8th fetal month (Rubner) i 

83.3 

16.7 

Newborn (Camerer, Jr.) 

71.7 

28.3 

Adult (Moleschott) 

67.6 

32.4 

Adult (Bouchard) 

66.0 

34.0 



Dog. 


6 days old (Gerhartz) 
15 days old (Gerhartz) . 


80.3 

19.7 

77.0 

23.0 


Sheep. 


6 months old (Lawes and Gilbert) 

47.8 

52.2 

15 months old 

43.4 

I 56.6 


Mouse. 



87.2 

12.8 


82.8 

17.2 


76.8 

23.2 


73.3 

1 28.7 




Chicken Embryo (without yolk) . 


92.8 

7.2 

lA+b (J , \T T)iphf‘rmfl.'nn') 

87.3 

12.7 

91 af I'll \T TiipbftrTnaTin^ 

80.35 

19.65 





What constituents are especially deprived of water cannot be 
properly determined from the limited material at hand, yet, accord- 
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ing to H. Gerhaktz, there seems to be a very great shrinking even 
of the albumin. For man he calculates the proportion of albumin 
to water to be: 


Newborn 1 albumin, 5.6 water 

Adult 1 albumin, 4.3 water 


J. A. Kijbowitsch has shown that the water content of a mam- 
malian embryo’s muscle sinks from 99.4 per cent to 8 per cent at the 
termination of fetal life and finally to 75-80 per cent in adults. 
According to L. B. Mendel and Leavenworth, pig^s liver has a 
quite constant water content of about 80 per cent during fetal life 
but diminishes to 67.3 per cent in the adult. 

From this we understand that in the earliest stages, growth only 
results by means of the water taken up through swelling, though a 
time comes when growth is induced by the entrance of solid sub- 
stances, by assimilation. This assimilated substance meanwhile 
binds less water; with further growth there is associated a relative 
shrinking which after reaching its maximum (growth) passes with 
further age into an absolute shrinking. 

According to Muhlmann, aging of different organs does not 
proceed equally. The weight of human intestines increases up to 
the fiftieth year, but the heart and lungs never cease gaining weight; 
the' brain, on the other hand, has achieved its maximum weight at 
about the end of the second decade and from then on it gradually 
declines. The brain also shows definite microscopic aging phenom- 
ena, even in the earliest years. Lipoid pigment granules appear 
in the nerve cells which continually increase and at an advanced age 
fill the entire cell According to Marinesco it is much easier to 
destroy with solvents suspensions of ganglion cells of a newborn 
puppy than an old dog. As the result of his studies of pigment 
granules in nerve cells he also arrives at the conclusion that aging is 
due to the coagulation of physiological elements, a diminution of 
surface tension, such as we know occurs in the aging of colloids 
(see p. 73). 

H. ScHADE determined that the subcutaneous connective tissue dis- 
solved much more rapidly in NaOH when it was derived from a month 
old child than when it was taken from a thirty-two year old woman. 

F. Tangl* is of the opinion that the shrinking of the animal 
organism during embryonal development is a duplication of the 
same phylogenetic process and shows by numerous tables that the 
lower invertebrates, even those which do not live in water, are 
usually more rich in water than the higher vertebrates. 

By what chemism increase of water and substance are condi- 
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tioned, how cell division results, what are the relations between 
nucleus and cell protoplasm, are questions which are not vet rine 
for colloid research. 

To be sure we know that such swelling and shrinking processes 
occur, not only for the entire cell, but also in the nucleus. Before 
each cell division the nucleus swells up very much, and after division 
shrinks again, decidedly. 

Borowikow* made interesting observations on plant growth. All 
who are familiar with plants know that even in summer, periods of 
apparent rest alternate with periods of active growth (sprouting). 
The latter phase is associated with considerable entrance of water. 
It is impossible to explain this inbibition of water by osmotic forces 
since the increased rate of growth was usually associated with a 
diminution in the concentration of the cell juices instead of the 
reverse, and a growing plant absorbed unequal quantities of water 
from solutions osmotically identical. There was, on the contrary, 
some evidence that swelling processes were active. Martin H. 
Fischer had already called attention to the fact that the tips of buds 
are always acid in reaction. It was quite natural, therefore, to test 
the influence of acids, bases and salts on the sprouting of plants and 
to compare it with the swelling of colloids. For this purpose Boro- 
wikow placed six-day old sunflower seedlings (Helianthus ammus) 
in sieves and dipped them in various solutions, using distilled water 
as a control. 

Dilute acids (1/100 normal) accelerated growth while salts simul- 
taneously present acted against the acids. Acids and salts were 
active in a series which was analogous to that for the swelling and 
shrinking of dead colloids. 

That bases caused no acceleration of sprouting seems to militate 
against the original assumption. Borowikow explains this by the 
fact that the cell juice in the growth zone is essentially acid and con- 
stantly forms carbonic acid; the bases neutralize the acid, forming 
neutral unhydrated albumin and in higher concentrations damage 
the plants. In this way he explains the stimulating action of dilute 
solutions of organic bases (0.001 n urea nitrate, 0.0015 n caffein 
sulphate, 0.0025 n phenylene diamine chlorid) which, according to 
Borowikow, act like their respective acids since they are hydrolyzed 
in solution. 

Borowikow expects especially to bring growth into relationship 
with turgor (tissue distention). Unnoticed, great turgor may be 
diminished by the growth process. According to Borowikow 
growth is ionization of the plasma protein by H ions in the growth 
zone, causing the protein to pass from the gel to the sol condition. 
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Ossification Processes. 

One of tlu* nuK*^t iotorosttui^ t>f oo!lui«i-i’hiiiur:‘il iiriitilr'iii-. lniiii» 
fonuatiou. \\ v shall sot* on |nH,^o »IU2 tliat Irtiin an 'Htiliiiitiii 

(‘outainiug IiIochI salts* ralaium ^’Hrhouato and t^ahhiiiii |dios|i!i:-il*^ 
|)nH’ipitat«n I'lu* prtn’ipitation is hinili-rtsl l»\ Iho pri'Hriit'T ni tin* 
hlootl (‘olloitls, though two-thirds «»f i *a salt.M, at Iras! in ihr srrniii of 
liighcr animals, otanir in tin* rrystallmd slatr, lliis iiiirrirmir’i’ 
must stop fluring thr formation tif hono. '‘Tf* Htaauin! for liirro 

arc' HC‘VC‘ral tlu^on^tii^al possihilitii^s; it ina)'- h»* asMiimod that I'haiigr.'-. in 

tia* Stamm rtdloids art^ hronghi nlHinf at *a* frt»m tho I'rlln, ttlni'h 
rcaaovo th<*ir proti^rtivf* mUion aial ri’snlt^ in thi^ pri'fipiiaiioii *4 iho 
ra,l(*ium salts, lliis agroos with tho viows of \V«*. T.u 14 and 
whit’h wt‘ shall c‘onHidt*r mtinM’losrly. It was nIiowh in tia-ir rosriiridit--^. 
that tho in(»n»aso in tla* soliihiltty <»f ralrium I’arlMuiato liv >.oriiin 
alhumiu was -175 pi*r rant, aial i»f ralt'ium pho'^fdialr *Mt |«*r rniil . \\v 

would t‘«jnsot|Ufmt ly twiwa’i tfi liiul a vny imifti mon* r\fiiravr pn*'-'- 
ripitatiou tif t»alf‘ium phtisphati* than of rahanm rarhoiiatr wlaii llio 
protiHiivt* action was romiivt**!. Itut in tho rirsr <if honr.'^ ihr |tro- 
portitms arc jtisf fla* rovrr^^*. Hir hono :o4i <»! iinin iiKoui, 

8o() parts ( a.ii Pt lii-. an«l !HI part.^ i ’at ’t r, prr Mitwi, 

Bui in llio case tif a chatvago product, of altniiinm Wo, Pai 14 
and Samko ftnual that thf^ .sithamt mi am n|Min raliaiiiu wao 

iht* n*vcrHc. Witir^i prpiitfn'. t'ffUHistmg almoHi taitir*dv ol iillniiiio’Tr'n 
holds in solution only I la* <*airiniii *mii»onatf% wheti-ao tli«‘ 
phuHphatt* axhihits a fiiminniain in solulnlify . llii.Hrd t*ii ihr.^ir 
ramilts, osHilication might taamr in Ihr follmving wav ^ In tip- hrmr or 
cartilaga calls* there oreurs a i‘tinct-ntni!ioii of nillonl'i m wliaii n 
large (ftiautily of ealcinm salts ar»* lah'd up., Wlini ijp-'-i*- ml- 

loids arc broken ilown, a pnsd|Htitta»ii in'vmn, iho |arripj!ats” r'lUisiHt- 
ing chiefly of imleiuiii |iho.Hphale tvith ^nuillrr of *nlrmm 

carhoniite, lliiscfirrrsfioiids with the Instolfiga’al «‘i id<ii«’i% li\ mr-mtm 
of which a tissue di*-*^triniion may be seen to aetsaiipjitiv ir:niiiriiiifiit, 

A further fsissihility, which nol in the It-asl rniifradirl tfir 
alnive explaiiiition but jsissiidy eiimeiites with it, lii:i! |i.liio|iii,^'ilr-?4 
an* set free* and eonn^ into contact wilJi the rarlwutalr.^ 
presimt wlicn !li<‘ I issues, es|ieciatly tlie cell liuclct, brciik doll'll, III 
acconlams* with wcll-kitow'ii phyHico««’heminil I:iwh, iiri in ihe 

concentration of nti ion I in this eie^e tin* phosphate i«uii ri-=iiit!h m mi 
increase in tlie ciitriiiiii plaisphate inohsailt**^, miii ilitM r|rmi|fr'd ;i||iiiiiiiii 
must* nccf,jrdiiigly, favor the precipitation of ralrii.iiii 

Finally we may lliiiik «}f a kind of s|«s‘itir athorpi ion In- naiaiii 
■cell ifrouiw. In bict. PcAirvoneji lioiifinl 1 t' !*« *1, 1 1 'Cl if'l it IS * « if 
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futriuin wliwi hv puHH*s of <’artilap;o in ehlorul of lime solution, 

lliis ihv uu'thod hy which hint* is cU'posited in diinuiged 

tissui's ivt*sst4 wall-^ t»r t ulunvlt's). We must also consider the 
siiiiullaurous |inHn|nt:iti<ui of pcisitividy and ni^gatively charged 
albumin \ulh tin* brraking thnvii oi calcium salts as wo shall describe 
lati‘r whiii wt^ discuss coiuTmiuad formation at greatca* length (see 
p. 271 ri 

Finally, we may cimsidcr sonu‘ kind of sptHufic. admrption by 
tlefiuiit* i'cll groups. Wc might also (*ousider the mutual precipita- 
tion i»f positivi'ly and negatively chargisl albumin whicli carry salts 
iliiwu with tluun in the same way as is mon* fully (l(\scribed in the 
ease of emu'rement fonnalitm ip. 271 </ sty,). 

What has been saiil here of bones also holds, of course, ecpially well 
in principle for thi* slu lls of molluscs and snails, for the armor of 
crustaceaU'n, as well as for other tjssiticaiion plumonuma,. Morphol- 
ogists dtsfmguish pnmanly btdwi*en calcihcation atid ossidcation (sec 
i hamAiiiu n In lower atumnls isht*lls of .snails and mussels, carapace 
of eralis, spteuh (if ?(i»(iu>i:cs, etc. I, tlic lime salt, occurs chiefly in 
micnicry.'-lallino furia, us tine Knitiulcs in the ciilciryiii}>; tissues. In 
(■(intrust with this culcilicutidU. liiiic hirins an optically completely 


homnKfiiciitis ticpdsit in Imnc and never occurs ns a. formed or 
cryslniime piei-ipitale. I'dssthly this essential ililTcrcncc depends on 
she luei that -.peeiul .•ell'-, o.ie.iiili.vles, lake part ill hone formation. 

It e* still iinpd ihle fdi cdllnid research as yet, to oiler even an 
hypiitiiesi'i in esplunsitidn of tins dilfcreiicc. 

U, l.ti, .1.1. vm/ (liis (•(tn'ecliie.vs ill (loiiit!; so, 1 sluill not discuss) 
critiei 'C - an esplanatam nl d'■sii'^l’at ion which luvolvt'S the jiresenec 
111 Npeci.il eel! . th'' letedlilusts. He ciills attention to the lac.t that 
depo ti . ol Inm- dcenr m places where there are no osteoblasts, as in 
the arleiia! wall, in arteriosclerosis, or in Iwaiu cells. He evidently 
cdnelndes that under .ome cireumstances, even without ;i special 
si.mut; up. i! is pd-eihle I-, liave a precipitation from blood scrum 
.super at mated suth caleium .'.alts, ill wliich action the formation of 
...•ntei di nuclei pos-ubly take purl (similar to the theory of II. 
Hi . midi.n and Zti oi i u*' for the de|H..sitiou of urates). 

The V. 1’. inaike.l .ha.nti/ and tlie jioverty of the bony iranuwork in 
oruauie lib taiie. s is deservinn of special consideration. Imr this, 
th.. inu- tmalidus of U. I.tli'KUANU^’'- olTer valuable experimental 
vui.iiirl lie hinved that when ealcium phosphate mcmhriuics 
ue,v allowed to Idim ill Vielutiu jellies ibv the dilTusioil of (h.sodium 
ph.e phuie and eaieium ehldrid towanls each oIIiit), tliat they weie 
free iron, u- latin. t., a certain extent the urgamc supporting 
iH-libbt Jilirr hlld b'l'i-li tul'crd . 
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This iii.v«*sfigaior has Hiiiiulatinl ihr loniiatiiHi ^ip! i4 thr 

hng lumrs. Up tUhnl fpsf liihps hiilf full uf winrh luaiif* 

alkaliut% witli trifalpiuia phusphutp. fur tlip-. la,y!T ri‘|irr« 

HPUitnl thr iK‘rii>!itiT uf ihv Ihiiip. Aftpr ihm- 

plartnl rui Itipu lliiu ruatiag t>f i^platiu puulaiuiiii^ n HiiM|i,-iix,|i»i| ,if in, 
(rnhhum phtisplintp; this whs t<i rpprrsput Ih*' hmir. I jmii iIun whs 
jKniri‘cI sunit* iu*i<l st^ulitiu, fur iustHan*, hu'lip iiriil, rf*|iri'sriitiii|r ifn* 
e(‘utpr uf l!ip Ihjih*. TIip ariil tiilTuspn thruii^h thu IrirHlriiiui phiiH. 
phatp liiypr, dissulvpH thu ndriuiia rrHi-hinii I In* luwrr |ni'i|i|irr\% 
wluTt* tht* (‘alriuiu is priTipiiHtptl HKnin in luyprs H.‘t h ph i,r4 !i 

iis«i(!il>I<‘ralnuiu wilt is with (In- lactic aciil. tlo- layer hccmai-s 

stronger and less i«m>us: in a sneeessful e\,(N-rit!ienl, it hIjoh ■<. in>.id<-. 
tiu' characteristic worm-eaten aiipearance of the long Inme^, and out- 
side, asmootli (inn and sharply deliued stnicture, Vsnafnial mouicch 
of acids, H. LiKSK(iAN‘ti unmtions the acetuunlaiion of l ’t i,, lactic a, id 
and glycerophosphoric aeid derived fr.tiii lecithin, lltuui t.i- found 
tliat t ricnlciuin phosphate wa.'* ilis.wjlvcd hy wafer ♦•out amtiig f t tj under 
pressure, forming an nii'.taltleeomiHtimd ti dia.n- ealeunn carhon ph>c 
phaU', (’aaPjO* f tHaCO, Hjt) 1 !',( M ‘a, : 2 1 ’( ) i t *1 Ml ( 'a ] 

In discussing caleilicntion and tei.Mijieatiou in In'! Harvey I.eciiire, 
ISIIO II, H. (IiUKoN \\ lu.ns concluttc't that " tliiTc 'ieein* to he no 
OHSfmtiid difTercuices h(*tween the proi’CHxc'* ifivtdveil in tiorin.al ocifi. 
cation juid in iuo.''t in.><lanees of pathological I’.ahaticalion. Anv .are i 
of calcification nmy 1 h' changed to true hone in the cinine of lime." 
and that calcium de[io.''ition .Ncenis to dejiend rather on phv’uco- 
chemicid proces.ses l lain on i heinical reaction'.." Ji;tio«i. Ai.i \ v\nt « 
suggests the imiKirtanee of the removal of or alteration of proieeiive 
sulxstanees msttlfing in the deiHisilion of eal. iuin ■.ati t 'f. al.o 
IIoi'‘MF.ISTKH’s olwervation on the ililTerenee hetWren .oluhihiy of 
calcium phospluite dUsolved in .serum and the liissolvutg of ealeium 
phosphate l»y serum. 'I’r.) 

Diseases of the Bone, 

Of till! noninfeetious horn* tliseases, rickrtx and tiuUiimttl>triii attract 
our special attenfiun. 

Itichttn is f'hanicterize*! hy Iimi***jsior, smcalled o'.t.'oid ti'.^u*', in- 
stcml of the solid calcareous structure. In this way a pliable nurH*. 
tak(!s th(. place of the rigid fratnework. 'i’his lack of liine miglil 
readily he attrihuted hi a lack of lime in the food, hut it Im. !.. en 
shown that, this is eiTlainly not the eatf.e. .since such a lack of lime 
can he produced only hy artificial preparation of the f.MMh la mv 
opinion Fai!|,i’s theory of hont. formation offer.s a giH»i evplan.iiion 
for rickets. He suptHises, its iiuUeated on naue 'JtiH »i c 
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tissue degeneration; in rickets we find quite the reverse, namely, 
an over-production of the osteoplastic tissue, so that we lack the 
conditions necessary to the precipitation of calcium phosphate and 
carbonate, or, in other words, bone formation. 

Osteomalacia, bone consumption, is in certain respects the reverse 
of rickets. If in rickets we find a deficient precipitation of insol- 
uble lime salts, in osteomalacia we have the eating away of existing 
bone. Osteomalacia occurs most frequently during pregnancy, dur- 
ing which even under normal conditions the teeth may suffer. 
Osteoporosis, the bone consumption of the aged, which is especially 
noticeable in the skull, belongs to this group. Here, too, we must 
reject the theory of the deficient introduction of lime salts, as it is 
contradicted by all metabolism researches. We are much more in- 
clined to accept a dissolving away of calcium phosphate and carbon- 
ate, especially by acids. Since the oxidizing processes are deficient 
and the circulation functionates less perfectly, an accumulation of 
acids is not surprising. Magnus Levy has raised the objection to 
this “acid theory that the proportion of the calcium phosphate to 
calcium carbonate is the same in osteomalacic as in normal bones. 
He placed normal bones in lactic acid and found that much more 
carbonate than phosphate is dissolved away, and from this he con- 
cluded that the “acid theory'' was useless. This objection can- 
not be allowed. If acid diffuses from any direction into a mixture 
of calcium carbonate and phosphate imbedded in a jelly, the acid 
advances only to the extent that it has previously dissolved away 
all the carbonate and phosphate; this was shown experimentally 
by R. Liesegang*^ (assuming, of course, that an acid stronger than 
phosphoric acid is employed). As may be readily seen, the result of 
the experiment depends entirely upon the conditions; at any rate 
the contribution of Magnus Levy cannot count against the “acid 
theory." 

Concrements. 

In various pathological processes we find in the body cavities of 
animals and men, structures varying in size from that of a grain of 
sand to that of a fist, and which have developed without the help of 
cells. Such precipitates are called concrements. W e find them as renal 
gravel, urinary calculi, gallstones, brain sand (in the lymph spaces of 
the brain), rice bodies in the exudate of diseased joints; as the pearl of 
the pearl oyster; and similar formations which are found at times in 
cocoanuts, in view of their structure, can be considered nothing else. 

The common characteristic of all concrements is that in addition 
to the special characteristic ingredients (urates and cholesterin) they 
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alwayj^ amtiuii nli*uriiiiPHis himI liiry ii'4i;ilii »i 

and railial slriaitirr. *rht*,s»* iHrinaiiMUH Himiii-fi miili 

Uy IL SniiiM’.;* a.^ ta I,. I.ii ii rtt i r//”'' 

lu ihn lolfinviiii; ^vi* .shall ftin-^itlrr tin’ »*i liriii-ary ai.i«l 

Inliary ('alfuli fnnu liit* .staiidpninl ui ihrsi- Hiadir'M, 

(‘rinurij (Xilrnli, 1!.* iiiiv'd *'i\ pla.'atia, hail hrrit 

madn uiif‘ciagiilal4i* hy fli** additinn «.»! ti\ahitr. ttitli ait 

fauulHitai ii-f mlfiniii pliosphati* anti i‘ahanin rarl‘i*na!«“. W lirn hr 
noagulaltst thn ina.s.> hy thv nthtilitm uf < A-u a iiard iiiriiirit, 

wliirh, wlitni |.>rr*Hi*rvfsl in salt siiliiti*»u at III \ -^hniiili, Jind aifr-r right 
wnnkn liatl apprtixiinat«4y fin* }mr*in«-sH ui a irrdi uriryiry mlrtiliiH. 
Fibrin was absu!utt*hv nt*nvH,Har>'. y*i IMI7 t*t tij pi-r rriii in 

plasma diluted trn fimrs .Hiillirrd tt» iirtMlur** a aini llir 

plicammtmuii was tlir sam«^ if ni'nlral nriiir luir ii-^trd I’nr diliilinn 
insbv^ul nf phy.sinlagiral salt .^iilntiun. 

Ily rluuigiug tin* rnm|H»sititiu uf thr ^riiitnrii! aniiirral iiigrniiriilH * 
it Is dithriili to j,»ri*dtirt^ stratilit'd ri*’:«iii!4iiig urinary 

raltnili, Tliis similarity is itnt ji n,i**rr ‘^np»“iii*na! »»nr. Ibiial I'alrnli 
fiavn Innm rnjHadislty fiiund wliirb wi-rr ^till ^*.*11 and p!arti»* hkr tiir 
initial siag«*s nf thr.sn artilii'ial stnnt^H, WdanlpM' thr tirgainr .!a%rrr'd 
framewiirk (.if natnral urinary riilrnU Iliiti- il. Fig. hi ? n.iird'4.s 
of lilirin is slill an opm ipii*.stiim. tlanigh ihrr*” n npirli in lavur 
of this vitnv, Arctirdiiig in IF Hiii.voi-; ihr isiniiiiinni i4 iirinary’ 
(.*al(nili is Hnmtnvhai as fulhiws: r*»agn!iiiii and lira!'*'-. 
HiinultaunonHly nr in rlnsi* Hiirnrasttm, shrink iiinl hardi-ii. Ilv tfn" 
rnpidition nf snrh prnc*rs.srs layt^rs furnn thr and nfli*r 

a wliih* bnrninns stony liar«l, bi'raiisi* thr tavslalhad iiign-iip'iits gm^i" 
into largn c*rysial aggrogatrs and t-akr t»ii a radial ^4rnrtm$\ ‘.riir 
l«*ssnn for thorapontisls i.«, iliai not only inn*a I hr I'uriiiatiuii tii 
nryHt.alloid Hniliinmts l.ti* pryvnnlntl, Inii ahu tin* paa-sag*'' m| iiiniii nr 
Hiniilar rnllnids into tin* tirim*. Alon«% urinarv sr’*liiiiron^ lurin n 
mntililinic mass, Ciilmdus forfiiiitioii is po.asili!n mily liv im’iiro^ ni 
cailloidal **inortitr7* 

(biliary riilcntli): nallstiinns ilillVr vnry widely in llair 
cdn^minal compositiiin. Wo nsaigni^,*^ fhos*’ wliirh iip-ridy riiira*4 nl 
cktlmkrin and nthors whiidi nmtisin imly mHum hilinihm; lirtivi'iii 
tlinsc i‘,xtriaiii* forms ormir idl sorts, is insist, ing nf nf i!ir‘-«' 

two clnnf ronHtitiiiiifs witli iiHiuiiiiiioiis mnlrria!. 

Without going into ilm indivtdtial reasons, it nmv l.io .f^nid tlnif. 
aecairdiiig to IF HoiiAon, «dioli*sti*riii nppoars to hr iiin^nli'nl in tip* 
bile* m a liydro]-iliili\ and nihdiim hihrnbin as a livdoipliobr ri»|l.i.iid. 
It must also be notod lliaf, l«*.stdos tin* I’hiilafos, tin* liilr rontniir-i 
Halts of tlii‘ fatty i4tdd.s, Inrithiii ami iiittriiiini.s ^.iitr4iiiiri«s ivhirli 
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must partly be regarded as soKaads for the gallstone material. 
Choltvli riii preeipitates in individual crystals from a supersaturated 
aqueous solution of eholates; however a fc'w drops of an oil suf- 
tie(> to cause precipitation in an amorphous clump very similar- to 
the ■•myelin clumi>” which Nau.nvn described as the (uranlage) 
'• pnritrsw of gallstones” (PlaU' 11, h'ig. '>2). After a few days, 
radiating crystallizatit)n starts from llu; center (Plate 11, Fig. 53), 
oil droplets are released and may again give* rise to oil-cholesterin 
precipitates. In this way may be prepared, artificially, hard or more 
or less plastie cholesterin stoiu's, such as ran'ly occur, however, in the 
g.all blaihter. 'Flu' pr<‘senc<> of fats or fatty acids is, therefore, a 
re(iuisite for their formation. Kor tin- precipitation of cholesterin 
it is only necessary that tlu' sul)stanc('s which hold it in solution, 
the eholates and salts <if the fatty acids, Ix' dc'stroycd. A 'priori, 
a Hupersaturation with cholesterin is brought about in all processes 
that interfere with tin* normal alkaline rea(dion of the bile, especially 
iniVetion with H. <*(»li, H. tyi)hosus, H. pyocyaneus and B. proteus. 

1 am inclined to accept the view of I-. Luni'rwiTZ*^ that the acid for- 
mation of these baederia is <'hii‘fly n's|)onsibl(i for the breaking down 
of eholates and since staphyloccauais aureus, which docs not form 

acid, causes no separation of choh'sh'rin. Tlu' i)r('cipitation of 
t'holesti-rin can also In* caused l>y sU^rile autolysis as well as by 
n-ndering less favorable ih<‘ conditions n'cpnsitc* to solution, since 
eholates are absorlied by tin* walls of tin* gall bladder if the bile 
stagnates tlu*r(* (congestion). 

Hilirubin forms amorphous precipitates with lime salts which 
normally do n<»t M(*dijn(*nt out in tlu* bih*. In the presence of al- 
bumin and fibrin, tmd(*r <*onditions as y(*t not ac.(!uratcly studied, 
calcium liiliruli'm may i)r(*(’ipitat(* and imdude the albuminous in- 
gri*dietits, giving rise to (*lumps which in their cheesy structures 
are v(*ry like natural cah-ium bilirubin stones (Plate If, Fig. 54). 
In my opinion the neutral or faintly alkaline ^'action of the bile 
is essential ftir the dev(*lopnu*nt of a calcium bilirubin stone a.s op- 
|K).He<l t<t the (•hol<*st,t*riu Ht.on(*s, which r(*<iuir(! a(‘.idity. H. Sciiade* 
t-onsider.s that catarrhs, inflammatory and strongly (exudative proc- 
e.sses in whiclt much linn* (*nt(*rs the bile are resimnsibh^ for the 
formation of calcium lalirubin stones; this view explains the occur- 
rence in them of nllniminous ingr(*dients. 

In some of the so-called mixi*d forms th(*r(! may be an alternation 
of processes which eorulition tin* st'paration of (ihoh'sterin and of 
calcium iiilirubiu. 

An answer to the question wlu'thcr a mnullancom precipitation of 
eholesterin and calcium bilirubin may occur would be very interesting. 
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It follows from this in coiitradiction to previous vicnvs that the 
blood in gout is frtHiiuaitly supc^rsaturatcnl with mouosodium urate. 
Aeeordiug to tlu‘ analysis of (}. Khomphhur, Macjnus-IjUVY aiul 
Salomon, the urie aeid (‘oiikmt of th(‘ blood iu gout varies b(dw(Hni 
50 and 80 mg. p{‘r lit(U', whc'n^as iu normal blood at most only 
trac'es of urie ac'id (*an b(^ dtanonstrab'd. When tlu^ eoukmt r(‘a(‘h('S 
25 mg. of sodium urab' p(‘r liUa* of blood sta-um, (‘V(‘ry furt lua- addi- 
tion must f)(‘ asso(‘iated with a d(‘position of sodium urat(‘, {)rovid(Hl 
uraU' nu(‘lc‘i an^ pn^sent . W(^ thus bch* that tlu' S(a*um (‘olloids an^ 

of grcait importaiuH^ for tlu^ solution of sodium urat(‘ in tlic blood 
and in prt'ventiug its d{'position in gouty proeessc's. [Stanley H. 
liKNKmcT in his IIurv(\y L(M*tur(% 1915 191(h p. 302, diseusscs the 
pn'scauH' of two forms of urie aeid in blood. H(‘ dtdermined ten 
timcss the amount of urie ac‘id originally ol)tained by tlu^, preliminary 
bcnlingof the protein fn^e filtrate with hydroi‘hlorie aeid. The prob- 
abh* d(vstruetion of a protcadive substance is quit<‘ iippanait. 
This aspetd has an important Ix^aring on urie acid determinations in 
nephritis and out, Tr.j 

Tlie influ(‘ne(‘ on thes(* pro(‘(‘ss(‘s (*X(‘rt(‘d by radium rinanatious 
wlu<’h inhibit tin* ([(‘position of sodium urat(‘ from supersaturaUxl 
HtTum CIL BKcinioLO and J. des(‘rvi‘.s the attention of 

students of (‘olloids. 



t li \i' n \i 


im Mil 

h S i ■*;>!.! th,,i Ui.- .'.■ili sijis? •. vh. \h„\% , thig 

Ill ■> S.’S \ ’♦V.;-. .i Mllliil* 

iJ-if <h.i 'lii'il 144- ^ ^ .M foi.m .Mi-I ;.|||4 r->|t!t‘i‘|;||lv 

m Up'ir ii'^lu |s!i|:ii 4 ^:^ •, *4 ;irr Ml Milt’ll 

Iti,iia!^*i4 a|t|i>r '.fj * *- MU-*-'!:; U'wi !h‘,l ,il |M \rr\‘ 

.lilfirM;!! !m rr ./ r- ", 4 us^^r* Lui4'*- .\ I'rll 

Ili.M^ rMlrU'it ,«i| ]u*4o])l4.'Ur;, ^*-4 .im »15! m u;*.-! ..i lra*'lr!|'u liiiii^ 

tii:%% li<< ir'urla-U'i 

In nf.vtr I - UMH.UI’* .?! M runn* s'vll |M li,, *,- V. !:,i*'!i ‘*,511 »|rM|i 'i Ihr 

|.»rMt'<l|*LMUu 1 fu ; *n M' fM-. 4 Mi MM. \1*--. !1-; t *M :•? m | if .|M|U 

;?jMi |«rih.3r ;U M ; M ' M *• *' * ' M M J \ 4 1 1 4 « 1 1 M ! U I |f t i l'^ I : I ' 

I 4 m |i:iI' 1 m IhrMfM m-mmitm-i .%n ^ U M /■*' 'isi^hn'ii |‘! riifi- 

?U»lMrr4 Ihi" nni'fsM'**' »4 

I hii'r- I';iii hr Vsn 4^'*u!’^ O.m! H rotruMl •; « »! immU\ r'i^iiiriil 'I 


1 '■vtivili It t hr IllMlI.M r4 % 

I'ul 44 MistuMM .j.r<' 


M|H n4’5i4l'"' I'Ml ^-Ir’IrillfM 

i 1 1 1 ir 1 |ri 1 1 M -I S r- 1* '■ 1 iri i 4r 1 4 

IMM'IMm, MM-. i. ’i r 

\i:4 

%l:.irh ;liM' }.3a iMlI i|p 

|?r'r;it|Mii' *4 llirir \h 

r rs4 1 .iUurf ,p-ir 

-r PU 

iMvr'j *.4 MMin*’ 

r^., Mlii,!iil|«it'\. ,r 

Im , 

■ Mil 

lh*- lU'^prl'IlrM -mI ;||| 

1 i ,1* i«- 1 *4- Ip |r .!|| rii|'ii| i||)(',ut^-' 

it IfUUlMlM null 4 

1, It M 1 

^U's^rll^-'d 1< 111. rll* S. 

«llSll| rinIrMUstir Imi I 

frt an mImu *4 l.hr 

iik^* 

ImmuI-.u '4 I'Um! i-il'r i4 ;i 

«"rli fr»liis ;lli :I,I|,;||m|?M, p 4 

r, II^M'ili'iM s rii Mt||, 

ir, 1. 

w.ih iii"! r\.uii|4M ;i 


li'U I r«'jl, iihirli |H«rlMrnMi M'uI.mi Im niijn«'rMUM f ^ md l\ M«’i’i|« 

|i|r'‘M i||i|iril\|li|.|lr|*i Urr’ *4 A <'U' ' %% %hh ',*11^, h ■ Hllliip® 

riliii® ,V-vM,iiMini.^ !. ..u .-.n um'. I' f r-. 1 1 ii 

iiiWr^ ill fliM »M|i «4 uir'v s'44riiiir;i| 
niilMf iiirr rMirU'!!- *4 O *V4 mi il *»'.*. lo'*' ! 4 p 4 s'mv||, ; j 'rniii 

tfill iM MMlMul.dM- li:,r o'| JjM'M-Ui! Ill 

:.4 4* *4iS!r '5|* t* r if M*. r llir- >^*1 - * M ] -« 1< »,t * s ,if si r^'ll 

I IlHIIlirvilii !L:4 MMn.MiJr, tin* 

n.Mi*»*l|}4t lUlirLl |,M llr.'lf r4 f,h4 Itif 

il|iMi4' :iim| Imi rn, |i«i 

t Mfi «*|U’I4K, r th:k^ ik Im.**-?.' * '-ll <'034 .vMm* 

V*» |«'l *>*J -A I ^ M:;.,;i,:„3.:,.v -I --i. r'.,li ,4 

l*f 1 *^ r »'< -. 

/| 1 ** f ? * 1 » lij-.Hb .s-«-M- 

^1 j«i iri» rf-M 

* it ilasll,.,,, :| _ n**» - Tt ; 



THE CELL 


277 


In order to grasp these figures F. Hofmeister shows how a struc- 
ture might be erected whose molecules are bricks, not to exceed in 
number 200,000 milliards, of which 200 milhards colloid molecules 
with a portion of the salt molecules form the walls, roof, ceilings, 
etc., whereas the water molecules with the remaining crystalloid 
molecules fill the rooms, halls and corridors. If such a structure had 
the enormous average height of- 50 meters it would cover a ground 
space 7000 square kilometers or one-half the area of Alsace-Lorraine. 
It is evident that the compexity of the molecular structure of a cell 
balBles our powers of description. 

A cube with edges 0.1/x which is much smaller than the limits of 
microscopic visibility contains 25 million molecules of water, 25 
thousand molecules of colloidal, and 250 thousand molecules of 
crystalloidal substance, which under the same conditions would cor- 
respond to a building 100 meters front, 20 meters high and 20 meters 
deep. 


Protoplasm. 

Until recently there was little definite knowledge concerning the 
colloidal nature of protoplasm, that is, whether it was fluid or gela- 
tinized, It was known that after the fragmentation of yeast cells it 
was possible to press out a juice containing various enzymes, and 
that meat juice obtained in a similar manner contained albumin. 
In the case of yeast it may be inferred that the protoplasm contains 
sols, but in the case of muscle such an inference is met by the objec- 
tion that the albuminous substance may have arisen from the blood 
scrum which bathes the muscle fibers. The facts that portions of 
cells form drops and that foreign fluids in protoplasm assume spherical 
shapes likewise point to the fluid nature of many protoplasms. 

Most of the numerous investigations concerning the physical 
nature of protoplasm are at present of mere historical interest, 
since the ultramicroscope has solved many of the main questions or 
has placed us in a position to do so in the future. One of the most 
important criteria for differentiating between a sol and a gel ^ is the 
presence of Brownian movement. If it is possible to observe an 
oscillatory movement in the granules of a cell, such granules must 
be in a fluid medium; if they are motionless the medium must be 
cither a gel or very viscous. If we observe that the oscillating 
movement has ceased, it means that the fluid has gelatinized. 

Numerous ultramicroscopic observations of cells have been pub- 
lished. Plant cells have been studied most carefully by N. Gaid- 
ukov.* He studied the pollen hairs of tradescantia, myxomycetes 
(slime fungi), the cells of various algae (spirogyra, cladophora, oedogo- 

1 is no sRa.m lino bot.woon sol and orel. The more viscous the medium 
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in tlu' g('l (‘ondition, the one in vvhicli we usuully find it in e(‘lls 
according to Bohowikow. 

IFd/f Ihv occurrence of death protopla^sni {lelatinizes, Brownian mov(‘- 
nn^nt of ilu^ snialli'r particlt^s c(*ase.s, and tlu^ stru(‘tur(‘ of ih(‘ g(‘l 
apiK^ars in the* ultraniicroscope* as a (‘onglonu'ration of nian}^ rv- 
tl(‘cting platel(*ts. It makers a substantial dinVrt‘n(‘(* wludlu'r tlu* 
protoplasm slowly di(‘s or is sudd(*nly kill(‘d by a fixative* (alcohol, 
formalin, (*tc.). In the* first instan(*(‘ tluax* is a pr(‘(‘ipitation (lloceni- 
lation), wh(*r(*as, in tin* latt(*r tluTc is a Mijfi'ning; this dinVrt'ncc* 
may lx* nxidily rcx'ognizeHl und(‘r tin* ultramit‘roseope. 

Fro!U this we* may unde*rstand why a el(‘ad plant ce*ll simply bursts 
in wat<*r, for the* d(*f(*cts are* no long(*r re*paire‘(l from within. The* 
(a*ll cont(*nts have* be‘(*n ahvndy ge‘latini7x*(L (ddorohlasfs (chlorophyl 
granul(*s) may be* assunu‘el to posse'ss e‘olloulal ]n’ope*rti(*s similar to 
protoplasm; only it s(*(*ms the* latte‘r are* more* de*lic*ate‘ ( PoNoMAunw). 
The* living predejplasm e)f maiiy animal cells, howe*ve‘r, s(*e*ms to e*xist 
as a ifcL At le'ast in monoe‘(*llular organisms, blood ce'lls, (‘tc., A. 
Maveu anel (1. Se’UAnFKHU'^ e*e)ul<l ne)t elise*ove‘r lUiy Brownian me)V(*- 
me*nt e>f errtain granule*s. 

On ae*(*ount e)r the* gre*at elifTe*re*utiatu)n e)f animal c(‘lls, more* com- 
pre*h(*nsive* iuve'stigatie)ns must be* await(‘el; thus it aj)p(*ars to me 
prolaible* tliat re*d bloejel e‘e*Ils have* viseous eH>ntcuts (sea^ p. 305). 

The Nucleus. 

We know oven le‘ss about the* cedloielal nature* e)f the* uue‘le‘us than 
of pre)to|)lasm. Ultramicrose‘e)pie’ally, the* nuele'us appe‘ars to be* a 
ceanplex e)f hyelre)He)ls e*e>ntaining large*r particle*s and te> be* ([uite* 
poor in wate‘r. This eH>rre‘sponels we*ll with the* picture i)rodut‘(*d by 
staieiing. 

dda* (‘olloiels of e*e*il protoplasm He‘e*m te) he ratlie*!’ indinVrc*nt 
(die*mically ; tln*y are^ pe>orly staine*el by be)tli ae’iel and basic* dyes. 
The* nucle*UH, or more* prop(‘rly the* chromatin substance*, se‘e*!nH to 
poHHe*HH pron<Hmc(*d a<‘id prope*rti(*s, which are* manife*H(i‘d Icy its 
inte*nHe staining with Inisic. dye*s (sue A, Koshki/). 

The Cell Membrane and the Plasma Pellicle. 

Tlie* cr/f pedlicle imparts its shape* to the* fluid prectoplasm whic*h 
otlH*rwiHi* would be* sphe*rical ns the* re*sult of Hurfaex* te‘nHion. 'FIh* 
c*e‘ll pt*llicle* oexnirs in plants e‘sp(*cially. In animals an inte*rior 
skehdon or a spongy frume‘work may d(*te*nnine* shape*. Tla*cuT 
reeiuires an additiomil invisible* plasma pellicle as bounding tin* 
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protopIanuL Fonuarly from an iuti‘rprt‘!a!it»a of tlio o\pi*riiiifiital 
farts a.s pure' osnujsis, tho pt*llirlc was r<»itHif|i*rrtl siiiiipfrinoatilr, 
that is, pt‘rnH‘ahh‘ for \vaU‘r Imt impmut^ahlr' Un' i‘Vi‘r\i!tm^ rlso. 
This vicnv is tht'on'i irally irnttauiUh* sinn- thr rrll rin|uir«*s iiimirrtms 
suhstaiUH‘S anil tht‘r<‘ must also ha an a\it tor a^rrata. As a iiiattar 
of fart, tha stu(li(‘s riH*ant ytairs hava shown that tin* ftlasina 
p(‘llirl(‘ is hy no mt*ans ns im|HTmi*ahla for many sulistaiiaivH as was 
assumad. 'llu^ nttampt has htam muda to daiada its ahtiiiiaal aiii! 
physii'ai aondition friaa flu* natitn* of ftia snhst auras whirh pass 
throu|»:h if, 

T1h‘ statiauants on paga 2KI show that fhara is no uiiiform opinion 
as to wlu'tliar thc^ plasma fu’lliala aonsists of alhi.iininon-4 or lipoid 
suhstanra or a mixtura of hoth. In my opinion it difiVrs in aarh 
instanai' dapimdiniij; on tha aontants of t!ii“ aril. Houavar, aolloid 
ri‘si>arrh oOVrs at ti*nst a foundation for a aonaoption of thr plasma 
]H*lHrlm 

In iiNimal (rtts, with faw axaaptic»ns. wa ran disaovar no tnainhraia*. 
y(‘t many of thair propiaiias indiaata that thoy alnu piriHf-Hs ^^mna sort 
of a |)t‘llirla, ( 'olloiil rhamist ry i^i vas ns a hasiHfor I tia axplaiiat ion of 
snrfi plitmomana. Tha aonditions nra most simpla whan tfia rails ara 
surroundad hy air, Wa know from pai;a Tl fliaf aolloid^ aonaaiit rata 
and unit(‘ into a firm skin at an mlaifaaa, flui*l air. Hia pri laass Is 
much mora romplirafta! in tha ansa of la-lls in a fluid or ‘^annfliiid 
mcHlium, l4*t us raral! tha fullowiiu*; avpiuimant ; If athi-r shakan 
with watar rontainini^ albumin or alhnmosa. lhi*ra will form a loaiii 
ronsisthig of drops of c‘thar surnmndail by alhuinm or aihiiiiiosa litins. 
('i‘rt.ain otlu*r roltoids and fluub pariiiit fht* formiilioii of fluid foams, 
wliirli have* unmistaknhh* similarilii’s to auiclutitiTatituis of arils, 

Alihou|i;!i tliis analogy may at first sight smii niiirriy sup*-i1iiuiih 
wa must ramamlicT that tha intarfaaa lialwisui two imnnsrililt* 
fluidH and hatwism a fluid aonlainiiig solid or sainisolid Itodit^s :<ga|i, 
|>oHsaHHc*H otliar iiropartias thaii doa-'^ tha initThir rsaa jip, M 17, 
rt Hrq^. Ilia surfai’a of a rail aoi.7 hava sparia! proparfirH, hiiah siilo 
stfUiraH as sliall lowar tha surfara ttmsion must rollraf tliarr. Tliasa 
Huhstanras nra prohahly liptmls fliu-ithin nn«l rhola.^tariit i ivhiah Imvt^ 
barn damonstrattsl in avary rail, animal m %v**ll vagrlablia Tin* 
thirknaHH of tlia Iriiusition Invar viiri«*H, aaronliiig to iliilaraiil ob« 
Harvars of difTarant substanaas. from I to 2d iim: wdiaraiiM tip- iltiak» 
nasH of tha malarial nthrmti ptllivlr di^aitfnn, r|a, doa^ mil nrad lo 
lia thic'kar than front ik.'l to 7 lliasa ara iiiiniiiial figiiras w liialt 
show that a iiiamlirana may ba antiraly invisibia with tln^ iiiiarioroiir 
and y<»i fulfil all tha aonditions of a trua inanibriiita im far im thi^ 
transfar of matarial is aoiia'arnad. 
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In hrit'f our c‘oiu*lusi(>Ms so far art^: Every cell at its surface 
possi‘ss(‘s a meiuhrauc* which is (l(‘|)(‘iul(uit upon tht‘ compositiou of 
ttu‘ ititcrior of tlu‘ cdl. I'his lueiuhraiu^ may 1 k‘ visihh^ and may 
havt‘ Ihh‘u foruunl t luxnig:h th(‘ of tlu^ cell protoplasm at 
thi‘ perij)hc‘ry. It may, ou tlu‘ otlu'r hand, 1 h‘ so thin as to he iii- 
visihli\ IhIu^ foruuMl hy tlu‘ conccntmlion aud ^spretKling out of .such 
nlhumiiHUis aiul fatty coUoitls as (Uminish the .surface tension of the 
(*tll cont ent (ti the Interface, 'Vho eoW membranes, dc^vdopinji; as a 7'csult 
of the gelatinization of c{‘ll protoplasm, an ^ at first, in youth, (‘xpausile 
and t‘lastic: with inen^asi!!^ nz/c th(‘S(‘ immihraue (‘olloids, depemding 
upon their tmviroimnait and u|)on ch(‘mi(‘at iidlu(mc(‘s, or as a r(‘sult 
of men* colloid aging pli(‘nom(*na, Ixa'ouu* poor in water and lose their 
elasticity, 

fin liis ( h’owth and Form,” Caitihridge, 1917, DWh^y W. TiroMP^ 
sox invokes the* aid of colloid piumomena in disc.ussing Hu* dyna,mi<‘s 
i»r cell lifts dv.i 



CHAPTER XVIL 

THE MOVEMENTS OF ORGANISMS. 

The Movements of Lower Organisms. 

Freedom of the will is still a problem in philosophy, and even the 
investigation of the purely reflex phenomena and actions of higher 
organisms is still entirely in the stage of observation and measure- 
ment. In any case, it is still impossible to connect the external 
stimulus and the resultant action by a series of obvious physical and 
chemical processes. 

It is otherwise in the case of the movements of certain portions of 
plants and of the lowest organisms, especially certain amebse and 
their relatives, our symbiotic blood fellows, the leucocytes. In this 
case, opportunities are offered for an exact explanation of their 
movements and actions; but even here analogies must frequently 
carry us over gaps. 

It is customary to refer to such regulated movements of lower 
organisms and portions of plants as tropisms. [In this connection 
reference should be made to the discussion on Animal Instincts and 
Tropisms in the Organism as a Whole, by Jacques Loeb. G. P. 
Putnam’s Sons, 1916. John Hays Hammond, Jr., has constructed 
heliotropic machines which follow a lantern in the dark. The 

retina ” consists of selenium wire which changes its galvanic resist- 
ance when illuminated. Tr.] We speak of heliotropism when certain 
plankton organisms swim toward the light or when a tree or a flower 
grows toward the light. We speak of positive thermotropism if a root 
grows in the direction of a heat stimulus, of negative thermotropism 
when it grows away from it. Every fact in this connection is not 
only valuable in explaining the subject but serves as well to enrich 
the meaning of the term “stimulus.” “Stimulus” is an expression 
employed in biology wherever the more profound causes are not 
evident. 

Martin H. Fischer has already indicated how tropisms may be 
explained in analogy to curling sheets of gelatin. 

Th. Parodko contributed extremely valuable studies on plant 
tropisms. He stimulated growing roots from one side and they 
became crooked. The stimuh were chemicals, heat and traumata. 
He concluded that all these tropisms might be explained by protein 
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coagulation in the affected cells. All substances and concentrations 
which salt out or precipitate protein proved to be chemotropic. In 
connection with positive and negative chemotropism, salts of the 
alkalis and earth alkalis could be arranged in a lyotropic series similar 
to that we have repeatedly found in the precipitation of albumin and 
the swelling of gelatin, fibrin, etc. The salts of the heavy metals 
act still more strongly and always negatively chemotropic. 

Those movements which are manifest as general effects are still the 
most accessible to investigation. 

When placed between electrodes, bacteria, spermatozoa, yeast cells 
and red and white blood corpuscles migrate to the anode; amebae 
pass to the cathode. Although organized suspensions and colloids 
migrate either to the anode or a few (e.gr., iron oxid hydrosol and 
aluminium oxid hydrosol) to the cathode, hydrophile organic colloids 
such as thoroughly dialyzed albumin and gelatin pass in no definite 
direction when placed in an electric field; they acquire a definite 
direction only by the addition of electrolytes. OH ions cause an 
anodal and H ions a cathodal migration. Since the organisms 
mentioned, considered as a whole, are hydrophile organic colloids, 
we must assume that their direction of migration in the electric field 
is determined by the ions clinging to them. Normal albumin with 
a content up to 0.01 normal NaHCOs still migrates to the anode. 
We need not be surprised, therefore, that the majority of micro- 
organs and microorganisms also migrate to the anode. The problem 
reduces itself to determining the direction taken by pure albumin. 

The cathodal migration of amebae is remarkable and requires more 
thorough study. Equally remarkable is the fact observed by H. 
Bechhold,* as well as by M. Neisser and U. Friedemann,* that 
agglutinated bacteria lose their direction of migration (p. 205), 
agglutinin having produced a neutralization. 

Following the ideas of G. Berthold,* we are nowadays tempted to 
explain by a simple formula certain individual movements of the 
lower organisms and of leucocytes; that is, by changes in surface 
tension} A fluid or semifluid structure which is constantly under the 
stress of surface tension assumes a spherical form, as, for instance, oil 
in a mixture of alcohol and water. If such a drop is placed between 
two other phases, a change in form occurs, and with it a 7novement. 
A drop of oil on the surface of water spreads out; every moistening 
brings about an enlargement of the surface, a spreading out upon the 
moistened body (see p. 17). A structure may suffer a change of 
surface tension in some single spotj locally, so that a movement 

^ A full bibliography is given in L. Rhtjmbler’s Zur Theorie der oberflachen 
krafte der Amoben”: Zeitschr. f. wissensch. Zoologie, 83. 
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occurs; this may be induced for instance by an electric charge, 
chemical reactions and the like. Thus a structure may retain its 
general spherical form yet increase its surface at some single point, 
flattening out, putting out limbs, pulsating, making slight movements 
which may be explained purely by physical chemistry. The vital 
phenomena of amebae and of leucocytes which are evidenced espe- 
cially by movements of the plasma may be regarded as changes 
in surface tension. Portions of plasma (pseudopodia) are far ex- 
tended and the remainder of the body follows them, so that move- 
ments of progression arise. Sometimes the pseudopodia surround 
foreign bodies, a starch granule, a bacterium or the like and draw it 
into the ameba or leucocyte; ingestion of food thus takes place. 

The migrations of an ameba, according to L. Rhumbler, may be 
deceptively imitated with a drop of chloroform in the following 
way: A Petri dish is covered with an alcoholic solution of shellac 
and the excess is poured off, so that after a few minutes the shellac 
layer is superficially hardened. Boiled water is then poured into the 
dish and a drop of chloroform dropped on the shellac with a pipette. 
Immediately the drop begins its characteristic migration, especially 
if it is pushed with a glass rod inserted between the chloroform and 
the shellac layer. The phenomenon is explained as follows: a marked 
surface tension develops between the chloroform, the water and the 
moist shellac layer; soon chloroform and shellac commence to be 
moistened at some point and at this point the surface tension of 
the chloroform is lowered and it seeks to spread itself out. In this 
way the chloroform drop progresses in a way similar to the flatten- 
ing of the advancing margin of an ameba. The thin shellac layer 
is dissolved by the chloroform flowing over it, so that the path 
traversed by the drop “appears as if cut out of the shellac.^' Still 
more deceptive is the similarity of movement if one does not take a 
surface entirely covered with shellac, but prescribes the path of the 
drop by a fine shellac line and retards the movements by the ad- 
dition of Canada balsam or neat^s-foot oil to the chloroform. Ac- 
cording to the proportions of chloroform, size of drop, thickness of 
the shellac layer and the degree of its dryness, the movements may 
imitate the most diverse kinds of ameb£e. If a drop of chloroform 
is placed on a spot of shellac which branches in various directions, 
an imitation of the spreading of pseudopodia is obtained. The tak- 
ing up of nourishment (taking up of oscillaria threads by ameba 
verrucosa) may, according to L. Rhumbler, be imitated when a drop 
of chloroform in water comes into contact with a thread of shellac; 
the drop completely envelops the thread of shellac and rolls it up 
into itself. 
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At tiiiH'S sinull aiuc*l)a‘ iivv pursu(»cl by largtT ones, the former 
chaugi‘ tlunr din'etiou aiul tht‘ir s|hhhI, tlu‘ pursutT contimn^s its 
jounu‘y and eatehc's its pn»y, wliieh may a^ain c'seape, and the 
pursuit eoutiuut‘s. All tlusst* pro{H‘ss(»s an* (*xplain(Hl according to 
L. Riu’MiiLKU, without invoking a c‘onscious int(‘llig(*ncc* and pur- 
jH)seful movi*m(‘Uts, by tlie trait hd’t behind by the pursued amebai, just 
as thii chlcH'oforin drop pursut*s the track of slu‘Ilac nuiitioiUHl abovt*. 

Thougli tlu* inovt*nn*nts art* so similar and tht* (*xplanatiou by 
changing surfata* ti*nsion is so cl(*ar, \V(* art* still force*d to (*n(iuire 
liow tin* surfatH* U^nsion of ameba* anti lt*ucocytt*s is changed. An- 
alog}' is (|uitt* almt*iit in tin* charactt*r of the* substauc(*s whost* sur- 
faces an* in contatd anti in the* pliysical pro(‘t*Hs (solution of tin* shellac) 
that tak(*H |)lat*t*. It wm assumed that subst.anc(‘H whi(‘h ditninish 
surfact* tt*usion (for instance, soaps, all)uminateH, L. Miouaklis) form 
at thi* |HHut of imdion and th<‘n br(‘ak u{) again. Thougli a didinito 
di‘monstration fuis not bec'U imssible, I shall dis(*uss an hypothesis o£ 
L, IIiitseiirHiin'^ whitdi has much to r(‘comm(‘nd it in c(*rtain cases. 
We know that an t'lectric cliargi* (h*presH(*H tlu* surface tt'nsion (stn^ 
p. 87 ) but the <pn*stion is whc*tlu‘r tlu* tlevt*lopm(*nt of an (*lectrical 
chargt* at any jHiint i>f a mass of proto^ilasm is cone(*ivabl(*. Ii(*t 
US consider tlu* inrcumstanc«*H under whitdi a ba(‘tt*rium approach(*s 
an ameba tliat ptiis <nit a pseudoiMulium, i*nvelopH tlu* bact(*num 
and dra^vs it in. Hetwt*f*n two (‘h*c’troth*H, amt*bie migratt* to iho 
<*atlio<h* and liaideria to the anodt*. II ions diminish surfaces ten- 
sion, causing (he extension of |>seudopodia as d(*monstrated by tlu5 
|>h*ntiful formation of pseudoiHHlia u|Km fixation with osmic acid; 
t)l! ions cause an incrc’asi* of surfaci* ((’usion and a r(‘tra(‘tion of 
pstnidopodia. If wt* imagine* a bactt*rium to In* a nc'gativt‘ly cliarg(*d 
|»articie wliich gives ofT II ions, by disHO(*iation it will lowt‘r tht* surfaco 
lension at the presenting |Knnt of the amelia and oceasion the afipear- 
ance of psi*udo|Mulia. When the haetcTium is HmToundc*d, tlu*rt* is an 
i*c|uali/ 4 ition of ehargt*, the surfaei* ti*nsion is raiHt*d and tlie pHe*udo- 
{KKliuiii is rt*trarte<! with tlu* biuderinm. L. IlmHoiienLO attributt‘H 
tlie positive chargt* of atnelm* to the t*xert*tiou at COg. If thc^ 
met 4 il»olisin of the anu*ha is imiaurt*tl, tlu* formation of (K)a, and 
with it the mobility of tlu* anu*ba, art* diminisht*tl. What oeeurs in 
the CIW4* of aiiu*bie may he applitsl to tlu* s{M*tdal ease of p/m|/eq/0ww. 
It was the plieiiomena CK'curring in amelm* that hsl Miuk MuTcuNt- 
aorr tu his fiiiMiiniieniid stiulies on phagoeytes, Heavt*nger tH*llH. 
Thus he riiiiiii*s such mdiiti! bltHKl eorpuselt*H as attaek by taking up 
mid clig«»stiiig inim^irganisins <*nti*ring tlu* Idootl stream. Tlu*y art! 
the defeiuliiig army of tlu* tirgamam, mul at'eortling to Iv. Mr/reitNu- 
mwWf the most imporlimt wt*a|>ou in the fight against dist‘ase germa. 
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L. Hirschfeld is supported in his theory by the statement of H, 
Bechhold* that lactic acid (H ions) increase the phagocytic activ- 
ity of leucocytes, whereas alkalis (OH ions) are without such effect. 

This introduces us to one of the most important fields as yet [al- 
most] untouched by colloid investigation^ the experimental 

study of which from modern viewpoints ought to prove most promising. 

In 1884, E. Stahl and de Bary on the one hand, and W. Pfeffer 
on the other^ simultaneously gave their attention to the nature of 
chemotaxis. They studied the lower monera, plasmodia of myxo- 
mycetes (slime fungi) bacteria, flagellates, wheel animalcules, the 
clustered spores of algse, the spores of ferns, mosses, etc. The essence 
of chemotaxis lies in the attraction of these unicellular organisms 
by certain substances {'positive che'motaxis) and their repulsion by 
others {negative chemotaxis) j while other substances do not affect 
them at all. If for instance a cane sugar solution is placed in a 
very narrow test tube, and the open end is dipped into a drop of 
moss spores, the latter will pass into the tube, attracted by the 
cane sugar. It is necessary to assume some such chemotactic re- 
lation between eggs and spermatozoa, especially of aquatic animals, 
as the spermatazoa discharged into the water are attracted by the 
eggs. We owe our knowledge of the chemotactic action of leuco-- 
cytes of the higher animals to C. A. Pekelharing and especially to 
Th. Leber who gives in his classical work, “Die Entstehung der 
Entziindung,’^ a wealth of experiments in which the most varied 
substances were introduced into the eyes of rabbits. In the same 
field, but it is quite obvious independently, he was followed by Mas- 
SART and J. Bordet. 

We reproduce the following series of substances with a chemotactic 
action (after A. Gabritschewsky) to show how difficult it is to ex- 
plain the existence of chemotaxis on a single principle. 


Substances Showing Chemotaxis. 


Negative. 

Absent. 

Positive. 

10% K and Na salts 
1-10% glycerin 

Bile 

10% alcohol 

Chloroform in aqueous 
solution 

0.5% quinine solution 
0.1 to 10% lactic acid 
Jequirity 

Sterile culture of chicken 
cholera bacilli 

Distilled water 
Carmin powder 

0.1 to 1% K and 
Na salts 

Phenol 

1% antipyrin 

1% phloridzin 

1% papayotin (for 
frogs) 

1% glycogen 

1% peptone 

Bouillon 

Aqueous humor 
Blood 

1% papayotin (for rabbits) 
Living and killed cultures of: 
Bacillus pyocyaneus 

Bacillus prodigiosus 

Bacillus of anthrax 

Bacillus of typhoid 

Bacillus of hog erysipelas 

All the bacteria that have 
been studied excepting the 
bacilli of chicken cholera 
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It may be concluded from this that a substance may be neutral for 
certain leucocytes and positively chemotactic for others (papayotin), 
and that the chemotactic relation may vary with concentration 
(K and Na salts; with reference to lactic acid and quinine solutions 
see pp. 286-288). 

What relation does all this bear to the theory of changing surface 
tension? Some data are in its favor. The very first observation of 
E. Stahl on the plasmodia of aethalium septicum of tanner’s bark gives 
a decided impression that a surface phenomenon is involved. When 
he brought such a plasmodium clinging to the internal surface of a glass 
in contact with pure water by introducing the water from below, the 
plasmodium spread out uniformly; if he introduced tannic acid, it trav- 
eled downwards ; and on the addition of from 1/4 to 1/2 per cent sugar 
solution, it traveled upwards. It is just this action of tannic acid 
which tans the surface of protoplasmic mucus and the phenomenon 
of spreading out in pure water that point to surface forces. They are 
also suggested by the observation of Ranvier, according to whom 
leucocytes spread out more, the larger the surface development of the 
given body (better on rough than on smooth surfaces and especially 
well upon elder pith). On the other hand, we recognize from what 
has been said that the theory which attributes the decrease in 
surface tension to an electrical charge does not suffice for the ex- 
planation of all phenomena. An intensely positive chemotactic 
action is possessed not only by bacteria, but also by extracts and 
proteins obtained from them. The chemotactic experiments under- 
taken on the bodies of higher animals (eye, pleura, etc.) do not 
justify a physico-chemical explanation, because in this instance two 
factors coexist. The substance itself may act chemotactically; 
on the other hand, it may be inactive yet cause a necrosis of the 
adjoining tissue, which then becomes chemotactic and simulates 
activity on the part of the substances under investigation. [Else- 
where (p. 234) reference has been made to the observations of 
A. B. Macallum. His monograph '^Surface Tension and Vital 
Phenomena,” No. 8 Physiological Series, University of Toronto 
Studies, 1912, includes a bibliography. Tr.] 

Possibly the very original ^'Quantitative Studies on Phagocytosis” 
of H. J. Hamburger and Hekma* will permit conclusions concern- 
ing the causes of the protoplasmic movements of leucocytes, when a 
method shall have been discovered for measuring the surface tension 
of protoplasm against water and salt solution. Even now it may be 
recognized from these studies that the causes of movement are quite 
complicated since it has been shown that the calcium ion has an 
entirely specific action in stimulating phagocytosis. If such action 
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were due merely to the electric charge possessed by Ca as a divalent 
ion, we would expect the same effect from barium, strontium and 
magnesium; this however is not the case. 

Especially noteworthy is the fact, only recently studied by G. 
Denys and Leclef, Weight and his pupils, and Neufeld among 
others, that leucocytes are stimulated to the phagocytosis of certain 
bacteria only by the presence of serums and that, on the one hand, the 
intensity of the phagocytosis is dependent upon the virulence of the 
bacteria, and, on the other, upon certain properties of the serum, 
closely related to those which determine immunity. 

To the colloid chemist, it is of importance to determine whether 
the general colloid properties of serum play a r61e in phagocytosis, 
and whether the serum may be replaced by other colloids. H. 
Bechhold* showed that egg albumen, which stands nearest to serum 
in respect to its colloid properties, caused no phagocytosis, whereas 
Witte’s peptone, a markedly broken down protein, has such an 
action. 

In the case of chemotaxis, as in the case of phagocytosis under 
the influence of opsonins (or certain hypothetical irritants which 
increase the appetite of leucocytes) only comprehensive quantitative 
experiments will yield material utilizable for the development of 
a physico-chemical theory by the colloid chemist. Although, for 
instance, quinine is regarded as a substance which inhibits phago- 
cytosis, M. Neisser and Guereini * have shown that in minimal 
doses it increased the appetite of leucocytes. 

It may be said in conclusion that the surface tension of leucocytes 
in relation to the surrounding medium (serum) must be very low. 
On page 16, we saw what force is necessary to change the form of such 
small bodies (leucocytes have an average diameter of from 6 to 8 /x). 
If we recall what changes in surface tension a leucocyte may undergo 
in phagocytosis, and the very great changes in shape suffered in 
traversing the tissues, we are forced to ascribe to them a very low 
surface tension, much lower than that possessed, e.g.j by red blood 
corpuscles. 


The Movements of Higher Organisms. 

The movements of higher organisms are controlled by the nerves 
and accomplished by the muscles. In the present state of our 
knowledge and in the limits of this book we can only consider this 
question: From what physical and chemical processes does muscle 
contraction result? F or this purpose we shall first consider the muscle 
as a colloid system and endeavor to gain an idea how a contraction 
occurs. 
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Muscle as a Colloid System. 

Ill thi^ of higluM’ luainiualH, musck's constitute approximately 
43 |)cr vinxl of tlu‘ (‘utire inxly. Siiuu^ tluy hav^e a |i*;r(‘at(T range of 
swelling than all the oilua' organs (see p. 219), Ixvsides their usual 
function as a wat(‘r n‘servoii% tiny an^ of gr(‘at importance. 

As regards swelling, tluy lH4iav(‘ wry nuich like fibrin or gelatin. 
It was fornuTly lH4i(*V(Hl that tlu^ circumstanc.es of swcdling in musede, 
which Wen* at first <*hi(41y studi(Hl in tlu* case* of frog muscle, could 
he* explaintsl by osmosis, htit tlu* (piantitativc* studic's of J. Loeb,*** 
folhjwcal lati*r by A, Dounn (b K. Overton''* and R. W. Webster, 
showed that no satisfatdory solution (xnild lx* thus obtaiiuxl. If 
tlu» (Ksmotie t'onditions alout* W(‘n* d(*t(*rminativ(‘, tlu* musctlc^ should 
retain its wat(*r in isotonic solutions, shrinking in hy[)(‘rtonic. and 
swt’lling in hypotonic solutions. Ibit this is not by any means the 
eusi*, since* th(*n* is a matt^rial difT(‘n‘uc(* b(*tw(*(m solutions of (*l(*ctr(>- 
lytt*s and of nou(*l(‘ctrolyt4‘s. Wh{‘r(*as lu'utral salts greatly diminisli 
the HW<*Iliug prodiUMsl by adds and alkalis, this prop(‘rty is not pos- 
Hesst*d by noiu‘h*<4rolytes (caiu* sugar, (‘thyl alcohol, nu'thyl al(‘ohol, 
urea and glyt*t*rin). Rvtm tlu* supposition of a lipoid membraiu^ 
tio(*s not explain tlu* |)lu»nom(*na, since* cane* sugar is as insoluble 
in lipoids as art* most of the* n(*utral salts. 

As t*arly as 1901, A. Dumta c.e)uclude*el freuu his investigatie)ns with 
whole* frogs that tlu* laws ivhich are* inve)k(*el in osmed-ic preieu'sse^H 
nhau* art* inade*<pmtt‘; in this cast* muse*l(‘s art* chi(*(ly e*one!t‘nu‘tl in 
tlu* abstu’ption and re'ruuiuishnu'nt t)f wait*!'. Martin II. FmeiHEU* 
was the* first to direct atte*ntie)ii it) the* faed. that. fe)r drad ttvmde^ 
c|ualitativi4y nnel te> some* (*xte*nt epiantitntive'ly, similar laws gov- 
ernetl the Inking up and the* r(*lineiuishme‘nt of wate‘r as geivcTne'cl 
unorganized eadloids eapablc* eif Hwe*lling. 

I'o summarize* Ins rt»sults bne‘fly: muscle*s swe*U more* in ae'iels and 
in alkalis t han in wate*i\ amt indet‘el, in hyelreK*hlorie* ae‘iel, nitrie, aciel > 
aectie tieid > sulfdmrie af*uL I'lu* maximum ame^unt of waie*r that a 
muHch* eau absen’I) unel<*r tlu* eirennnstane(‘s is abe)ut 240 p(*r ce‘nt of 
the original muselt* we*ight, e>r 13 times the* elrit‘d muscle* suhstant‘(*. 
It ther<*fon* ptmHe*sst*H, it is true, a smaUe*r sw(‘irmg eapae*ity than 
gelatin witieli (*an take* up from la to 25 iime*s, or fll)rin whiedi take's 
up upon solution 30 to 40 tinu*s, its tlne'tl wt'ight. 

alesorptiou ami rt*limpushm(‘ut of wai(‘r by muscle* is a re*- 
versilde preua'ss, ye*t M. H. Kis<*nER c*m|)hasiz(*H the* fact that 
eluring the time of his e*xpe*rime‘nts an conipUiv rvvrrdhiliin was 
oliHerved, that ^‘<*v<*ry e*haugc! of e*oiulition left its p<*rmane*nt 
re.HultH.’' 
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Salts diminish the swelling of muscle in acids and alkalis in a way- 
similar to the case of fibrin and gelatin, though not so obviously. 

There is, indeed, a very important difference between dead and 
living muscle: the swelling of dead muscle in distilled water, for 
instance, is brought about by the formation of lactic acid, which sets 
in within a few minutes. If this were not the case, a living frog would 
swell up as much in fresh water as a dead one.^ According to M. H. 
Fischer, a dead muscle retains its form in a 0.7 per cent NaCl solu- 
tion, not because the same osmotic pressure exists inside and outside 
the cell, but because the concentration of the NaCl solution is just 
sufficient to overcome the action of the acids formed in the excised 
muscle. We must again point out here that the experiments of W. 
Biltz and A. von Vegesack * show that if colloids are present in a 
medium, the presence of isotonicity does not by any means permit us 
to infer that equal osmotic pressures exist. 

Against M. H. Fischer’s experiments, the objection has been 
raised that dead muscle possesses no semipermeable membrane, so 
that its swelling follows laws similar to those of fibrin, etc. In living 
muscle, however, semipermeability exists; on this account the re- 
sults of M. H. Fischer cannot be transferred to living muscle. 
There are also certain discrepancies in respect to some nonelectro- 
lytes; thus, for instance, dead muscle does not swell up in isotonic 
sugar solution; this does not accord with Fischer’s theory. [Sugar 
has a specific dehydrating action. Tr.] 

The studies of E. B. Meigs * have illuminated these discrepancies; 
they showed a definite difference between smooth and striated muscles. 
Smooth muscles are involuntary and occur in automatically acting 
organs (intestines, urinary bladder, iris, etc.), and especially widely 
distributed among the lower animals. They contract much more 
slowly than striated muscles. E. B. Meigs concludes that smooth 
muscle is not surrounded by a semipermeable membrane, in other 
words, osmosis is not a factor, but that they behave toward electro- 
lytes like any hydrophile colloid, fibrin or gelatin, with reference to 
change in volume. 

The behavior of striated muscles is quite different. To understand 
it we must briefly recall their histology. Muscles consist of bundles 
of fibrils, longitudinal fibers which are surrounded by a connective 
tissue sheath. Each fibril, that is, every minute fiber, is surrounded 
by a membrane, the sarcolemma, and is bathed in a fluid substance, the 
sarcoplasm. The individual fibrils are striated at right angles to their 
axes. The striations appear microscropically as alternating dark and 
bright zones; while the latter are isotropic, the dark striations are 
doubly diffractive, anisotropic (see Fig. 49). 

1 [If the circulation of a living frog is impeded so that local acidosis develops, 
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K, B. stiulicHl th(^ rat(^ at whit^h fresh muscles in- 

creastnl tlu 4 r weight in watt‘r and in siilt solutions. He concludcHl 
from his study that the w('ight iu(T(uis(‘ is tlu‘ result of two processes: 
At first, watt‘r is osnK)ti(‘ally tak(‘ii up by tlu^ sar(‘oplasin of tlu‘ fresh 
(still irritable) musclts aftc^r tlu' musck^ is dc^ad, la(‘ti(‘ acid forms, 
the seiuipiTuu^able nu^nbraiu^ of tlu‘ fibrils (the sarcolemma) becomes 
permeable and now tlu^ fibrils swell up at the ex- 
jM'iise of tht^ sar<‘oplasm fluid and are tlms "short- 
ened; this is evidenctul by rigor mortis (0. vont 
FfuTU and Lknk). The [)rot(‘ins becotne co- 
agulatcnl through the accumulation of acid; this 
(‘Hpeciully indiu'es a shrinking and thus a redaxa- 
tiem of rigor mortis. By this t‘xp(‘rinu‘ntally (*s- 
tablished ex|>lanntion (). von Fuuth and Lknic 
liavc^ clc*arc‘d away an old fallacy that ilu' ons('!t 
of congtilation indu(’(‘d rigor mortis. By artifi- 
<‘iul fatigue cd<Hdrienl stimulation of an Bna 4 f). Striated 

ex{‘iH(*d frog's muscltO th(‘ accumulation of acid ^^stahr )^' fiber, 
ami tlu^ eonse(|U(‘nt sw(‘lling of musch^ in dilutee 
salt Holutum is miudi hastened (('. SeiiWAUz "^ 0 - B. is a w(dl-ktu)wn 
fact, nuireov(‘r, that after great muscular (‘xertion (forcc'd marches, 
convulsums, huntinl pnw), rigor mortis std.s in sooner than when 
death ovcnlakt's a n^sttnl organism. 

When rig(»r mortis <lisappeai’s striated musc.k' ladiaves like an 
hydrophilt‘ colloid, whosi' swidling and shrinking are unhindered l)y 
HcnuiiHnmu'abh* mtanbrant‘S. 

A furtlan* stmly of K. B. Mkkjs’** is concerned with tlu^ nature of 
the HcmuiMumaNibh' mtmibraue of a fibril. It tends to show tluit the 
latbT consists ut calciiun phosphate, (■ollodion meml)raiu‘s impreg- 
nated witli c*alcium phosphat(» proved imiKu-meabk^ for salts, sugar 
ami amiiu) ackls, but. were, sonuavhat perm(‘abk^ for glyccnin and un^a 
and easily iHwnuaibk* for et hyl alcohol. They \v(vrc‘ nu)derately pernu*- 
abli' for iKjtassium chlorid as was to bt^ exp(‘ct(Hl. Tlu^. prcHlication of 
a mmii|HTmeahk^ layer of caknum phosphate exi)lains two facts vtny 
wtdl: 1. Tlie Husptatsion of th(' semipermt'ability of muscle aftc^r 
death (the* acammulat ion (^f lactic acitl destroys tlu^ memlminc^s) and 
2 . tht^ imiM)rtanc(* of (*alcium for the maintemmee of sc^mipc'nmnt- 
lality in living musck*; since the layer of calcium phosphate is dc*- 
«t roved in a mnitral limt*-frc*e sohitkm. 

A unicfue oliservation was nmek* by NT. H. PiseuEHand P. Jionskn * 
u|a»i tin* water in musek, Tluy put tlu* gastrocmmiius of frogs into 
narrow glass tubes, c»ooIed them down to —7Cf in a mixture of 
*iher and solid C'C b, and followed the ctirve of cooling with a iuH‘dle- 
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shall now consider, is primarily responsible for the electrochemical 
theory of this irritability. 

For our consideration, two electrical phenomena of muscle are 
important: In activity, that is during the contraction of muscle, 
electric currents (action currents) develop; the stimulated point in 
the muscle becomes negative in relation to the remaining fibers which 
are at rest. The same thing holds true for nerves in which no external 
sign of activity is discoverable. 

If, in an excised mollusc muscle, an injured point is united to an 
uninjured point of the mantle by a wire having a galvanometer in 
its circuit, the cut surface is negative and the mantle surface is posi- 
tive. The same electrical phenomena are observed in a resting nerve. 
This is called the current of rest, or, according to H. Herman, the de- 
marcation current (Herman calls the demarcation surfaces the interface 
between the injured, dead, and the uninjured, living, substance). 

Evidently action current and current of rest are due to the same 
cause. In his textbook, R. A. A. Tigerstedt states the phenomenon 
as follows: In muscle as in nerve, a stimulated point, or one which is 
injured in any way, is negative electrically to every other point which 
at that time happens to be at rest or uninjured. 

Let us consider how we may explain the direction and magnitude 
of different potentials which occur when muscle contracts. Elec- 
trical differences in potential arise on every interface between an 
electrolyte and a pure solvent or one containing less electrolytes. 
The simplest case is when an acid, e.g., HCl, is limited by pure water — 
then the more mobile positive H ion will rapidly advance and give a 
positive charge to the water while the acid is negatively charged by 
the more slowly moving negative Cl ion. This applies to muscle, 
for lactic acid arises at the point stimulated or injured. 

The electromotive forces which are derived from a circuit of acids 
and water or crystalloid electrolytes are much smaller than we 
observe in muscle. 

Wo. Pauli invokes the colloidal properties of the protein ions in 
explaining the high electric tension which we obtain in muscle or even 
in the electric organ of the torpedo. 

Protein in general contains an amino acid with many NH2 and 
COOH groups. Let us illustrate the development of electromotive 
forces by the following diagram in which R represents the protein 
radicle and L the lactic acid radicle: 

OHCO . • NH2 + LH OHCO • • NH3 L 

OHCO . ^ . NH2 + LH = OHCO . P-NHs+L 

OHCO . . NH2 + LH OHCO • ^ • NH3 L 
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The difficultly mobile colloidal acid-protein ion immediately becomes 
positively charged at the surface of a neutral medium, and should it 
touch an acid medium its positive charge is raised and at the same 
time the acid field becomes more negative as the following diagram 
indicates: 

OH • CO • • NHa OH • CO • • NH 2 

OH-CO- ]k -NHa -|-LH= OH-CO- P -NH^H-I-L 

OH-CO- ^-NHa OH-CO. • NH 2 

for the H ion moves faster than the L ion. Measurements of series 
consisting of acids and acid albumin couples yielded potentials quite 
large enough to account for action currents. 

The development of such diffusion potentials in muscle would not 
be possible if the fibrils were not quite poor in salt and the sarcoplasm 
quite rich in salt. Since both the fluid and the fibrillar portions 
contain protein (see Bottozzi and his school) a couple consisting of 
acid albumin/acid/acid albumin yields no current. The current is 
reestablished through electrolytic dissociation of the acid albumin 
due to the-6alt in the sarcoplasm (see p. 292). If such couples are 
placed in series considerable electric tension (voltage) may be ob- 
tained. 

These results are in agreement with the fact that the normal 
properties of muscle are conditioned by definite states of swelling and 
electrolyte content. 

If frogs^ muscles are placed in an isotonic solution of cane sugar 
or other nonelectrolyte (mannit, asparagin, etc.), they lose their 
irritability (e.g., for the induced current) but retain their volume; 
they do not swell as in distilled water in which the irritability is 
hkewise suspended. The ability to contract is restored by Na ions 
(about 0.07 per cent NaCl) (C. E. Overton) as well as by Li ions; 
but it is not restored at all by K ions. The irritability is also sus- 
pended by isotonic potassium and rubidium salts. If the anions 
and cations are arranged in accordance to the extent with which 
they interfere with irritability, we obtain lyotropic series similar to 
those which we discovered for the salting out of colloids (see pp. 80 
to 83); according to R. Hober,* C. E. Overton* and Schwarz,* 
they are as follows: 

inhibitory: K > Rb > Cs > Na, Li 

inhibitory: tartrate, SO 4 > acetate > Cl > Br,N 03 > I > SCN. 

If an uninjured frog’s muscle is dipped into an isotonic solution 
of a neutral salt and the part so treated is united with another part of 
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iUHclc^ by a \vm% wc* oi^taiu a curn^ut of rest wliosc^ strength and direc- 
tion depi^nds on the* uat un* ol the* lu'utral salt. [The study of these cur- 
.*nts <of aet ion in th(* lieart nuisele has been elaborated into tlie science 
f t'leidrocardiography. I know of no attempt to associate electro- 
tirdiograioliic (‘urves with changes in the colloids of the heart muscle 
i n*sponse to salts. Tr.j If tin* anions and (aitions arc* arranged 
ct‘onting to t!u‘ir action on this (uirrent of rest (see R. IIobeu and 
V'ALnnNBHUii Wi* obtain s(‘n('s similar to tlu^ aloove*. Since we 
avt* pnndously st*i‘u tluit, t in* salting out of protein, the swelling and 
tirinking of gt*latiii and tlbrin (which means the ionimtion) occur in 
iinilar lyotropic si‘nt‘s, H. Hortnu (a)nclud{*s that the normal irrita- 
dity of muscle* is dc*p<*ndi'nt upon a detiniU* condition of solution or 
Winning of its protoplasmii* (‘olloids; incr(*as(*d solution or precipitation 
f the* colloids lc‘ads to loss of irritability. J. Lokb and R. Bkutntkr 
IV of the* opinion that the* curre'ut of inactive muscle due to salt 
as wt*ll as the* e*urn*nts rising in j>hints lHH‘.ause of an injury to some 
)art) lH*ars no dirt'(*t n*lntion to the* eaaulitieai of sw(*lting of the 
ilasmu colloidsd but is due* to a lipoid meaubrane* on the^ surfaev. of 
he* museie* or its constitu(*ni e*le‘m(*nts. 'riu* variation in activity of 
he* salts chos(*n (Natd, K('l, e‘tc*.) is elue^ to their dilTe'reait threshold 
if :4<ilubility in the* lipoiel m(»ml>rane‘. 

IL HeiiiKU cornK’tly eanphasii^cd that feir sueii (pu'stions of physio- 
ogie’id fun(‘tion wt* nessl e*onside*r einly theise in(lu(*n(‘e*s which are 
Tm\sihh\ Substanc<*H e*auHing a nH)rt‘ eir l(*ss irrewe'rsible change by 
iic‘ans of aromatic* anions re*eiuire* no furthc'r (‘onside‘ration lu*r(‘. 

The* e|e*tM*nde*n(*f‘ of the* irritab lily of muscle upon, and its relation 
4), till* e‘ondition of the* oi-gan colloids are* not uniepie*. Kxampl(*s of 
)tht*r organ fune‘tionH W(‘n* studied Iiy IL S. luLian*’*- (mov(‘ment of 
111* cilia t)f the* larvse of murine* anne*lids) and by R. lleiBUH’^^ (the 
novcmeait of tin* ciliate*d (*pith<*lium of the* frog). 

The* move*ine*nhs of cilia aliove* me*utioue*d c(*asc‘ upon the addition 
if varitHis Halts; in fact, of tlie* alkali salts, Li sidts are* the* most 
iarmfub In Iicmolysts and in the diminution of the* movem(*nt of 
*ilia, tilt* anion S4‘rit*s shows an ortlt*r the* rt*V(‘rse of that for the 
limiimtion of mus(*h* irritability, which mt*uns that the* HW(*lling of 
iIimkI ea)rpuHe*le*s anel muscle* are* afTe*cf(*d in an eijiposit.e* way. Sue‘h 
.vcibkiiown he*molytic ag(*ntH as sapemin, solanin, tauro(‘holic acid, 
dye*ocholit‘ acid and sodium ol(‘ate* diminish the* irritability of muscle 
'll an irrc‘versible* manne‘r; thf*y e*vi(le*ntly damage the* lipoid plasma 
pellicle fli. IIoimic*»). 

* \Vr aiicif ferege furth*'r of tlic* (‘Xtrcaie*ly int(‘r(\stiiig n'HultH of 

I. Umn nml It. IlntiTNKa mivr they have* no tlimci bearing on colloielH, 
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The accompanying table (in part after R. Hober) gives at a glance 
the action of the various alkaline salts, and parallel with it the extent 
to which such salts salt out hydrophile colloids. 

The question now arises, What are the colloid-chemical changes 
which occur as the result of stimulation and bring about the change in 
the shape of the muscle f 

We know from the investigations of G. Jappelli and D^Errico as 
well as of G. Buglia, that muscle absorbs water when it contracts 
(fatigue). This is not surprising, since acids are formed which 
favor swelling (see p. 267). According to the conception of E. 
Pribram, the formation of acids and the contraction of muscle are 
closely associated. Even Th. W. Engelmann had already drawn 
the conclusion that during contraction, water passes from the iso- 
tropic water-rich layer of the striated muscle into the anisotropic 
water-poor layer, which swells. This is due to the transfer of acids 
from the sarcoplasm where lactic acid is created by stimulation. 
Water flows from the blood and the lymph into the isotropic layer, so 
that as a result of the contraction, the entire muscle is richer in 
water. We must picture of the shifting of fluid within the fibrils as 
occurring in such a way that the anisotropic layer, which, according to 
Munch, is spirally arranged, can expand only from side to side when it 
swells (at the expense of the isotropic layer). This causes a trans- 
verse thickening of the muscle fibers and a shortening in length, a 
contraction. If the lactic acid in the living muscle is consumed or 
otherwise neutralized the process is reversed and the muscle regains 
repose. 

Streitmann and M. H. Fischer constructed from catgut a working 
model of muscular contraction. The catgut strands represented the 
anisotropic substance and the sarcoplasm was replaced by water, 
acids, and salt solutions. 

For the sake of completeness, we shall refer to one other theory 
which is by no means as well established experimentally as the one 
described. Bernstein first suggested the idea that muscular con- 
traction was associated with changes in surface tension. As has been 
mentioned previously, muscle is characterized by an especially high 
content of potassium. From the researches of A. B. Macallum we 
are compelled to assume that it has a most important function dur- 
ing contraction. 

In contractile tissues (muscles of frogs, lobsters, beetles, etc.), 
according to A. B. Macallum * and his pupils, the potassium seems 
to be localized in the dark zones of the resting muscle fibrils, especially 
at their surfaces. From this, A. B. Macallum concludes that the 
surface tension must be lowered in these zones. With the contrac- 
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tion there occurs a change in the distribution of potassium. There is 
thus associated with each contraction and return to rest a shifting 
of potassium, a shifting of the swelling and a change in the surface 
tension. We may leave undecided which phenomena are primary and 
which are secondary. A. B. Macallum calls attention to the fact 
that next to hydrogen, the potassium ion has a greater mobility than 
any other cation, and attributes to this the rapidity of the change in 
surface tension, and the rapid contractility of muscle. 

The eflo-ciency of muscle depends to a marked extent upon its' 
content of water (see J. Demoor and Philippson *) and may be 
influenced by extreme dehydration (shrinking). Such extreme 
shrinking may be brought about by the introduction of concentrated 
salt solutions or glycerin as well as of numerous poisons (especially 
veratrin) (see Santessow* and Gregor*). Under these circum- 
stances the muscle is shortened, as when it is very much fatigued, by 
tetanic contractions. 

Likewise, by unsuitable nutrition, which results in a greatly 
swollen state, the efficiency of the muscle may be depressed. 
Tsuboi brought about such a swelling in rabbits which were fed 
entirely on potatoes. The water content of their muscles was from 2 
to 7 per cent higher than normal. Potatoes are especially rich in 
potassium, and in this connection it is natural to think of the swelling 
which potassium salts also cause in gelatin and fibrin, and of the 
influence of the K ion on the depression of muscle irritability, dis- 
covered by R. Hober. 

[W. Bijrridge associates the occurrence of fatigue phenomena with 
the accumulation of K ions in muscle and in blood. Adrenin an- 
tagonizes K salts. 

In their Croonian Lecture on ^^The Respiratory Process in Muscle 
and the Nature of Muscular Motion,^' W. M. Fletcher and F. G. 
Hopkins come to the conclusion that lactic acid is not a toxic product 
but an essential agent in the muscular contractions. Its free H ions 
in the presence of colloidal fibrils cause an increase in tension in the 
fiber, either by increasing the muscular tension along the longitudinal 
surfaces or by the process of imbibition. They studied the effect of 
oxygen on muscle and found that it not only delays the stiffening of 
muscle but may altogether inhibit its onset. A muscle forced by 
stimulation to stiffening may be recalled again by oxygen to its pre- 
vious flaccidity. It was shown that immersion of a fatigued muscle 
in oxygen restored the osmotic properties to those of resting muscle. 
Fatigued muscle contains more lactic acid than resting muscle, and 
a fatigued muscle, after resting in an oxygen atmosphere, subsequently 
contained less lactic acid. A. V. Hill and Parnas from studies of 
heat production in contracting muscle conclude that the combustion 
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of the lactic acid to CO 2 furnishes the heat which restores some of 
the lactic acid to its metabolic source, thus removing the acid ions 
from the colloidal fibrils, so that they may return to their former 
tension — the tension of rest or relaxation — and possessed of their 
inherent potential. Proceedings of the Royal Society of London, 
Series B 69, Vol. LXXXIX, p. 444 et seq. 

Contraction of the heart is a special instance of muscular function 
upon which considerable light has been thrown by the, studies of 
W. Burkidge. 

He views excitation as a coagulative change induced through the 
formation of a calcium compound. According to MacDonald this 
coagulative change is accompanied by a release into aqueous solution 
of previously adsorbed -K salts which now confer a positive charge on 
the colloids whence they came. This electric charge in its turn reverses 
the coagulative change in the colloids and so brings conditions back 
towards the original state. Burridge has shown that the positive 
charge renders cardiac colloids incapable of combining with Ca and 
can decalcify them just as well as does oxalate, and that Na ions 
may be a factor in determining a finer state of subdivision of these 
colloids. Inhibition resides in the inability of the colloids of the 
inhibited tissue to combine with Ca. 

Burridge found two modes of reaction of the heart when exposed 
to the influence of drugs. One effect, immediate in appearance on 
application and in disappearance on withdrawal, he ascribes to sur- 
face phenomena involving the muscular colloids. The other he 
calls “ deep changes on the assumption that they involve changes 
in aggregation or of chemical composition in the same colloidal bodies 
in which changes of the first type take place. 

Calcium has a surface and a deep action on the heart. Burridge 
measured the response of the perfused heart to solutions containing 
different concentrations of calcium in the presence of different sub- 
stances. He found that digitalis caused the heart to act as well with 
a weaker solution of calcium, as it did with a stronger solution of 
calcium in the absence of digitalis. Barium was an imperfect sub- 
stitute for calcium. Adrenin and pituitary extract act like digitahs 
in improving Ca utilization. Alcohol, chloroform and ether have a 
two-fold action, (a) A depressing or surface action associated with 
poor utilization of calcium; (&) a favoring or deep action associated 
with an improved utihzation of calcium. 

Strychnine improves Ca utilization thus diminishing inhibition. 
Dibasic potassium phosphate increased the result from a given per- 
centage concentration of Ca. This latter is evidently an adsorption 
phenomenon as it is maintained by adding a smaller percentage of the 
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clihuHic pofassiuni pln^sphati* io tlu» |wTfiHiii^ ^tiliitiuii. HMuinH#K 
su|^|i^ests that loss phosplintas niay orrusiDnally ht* a faiior ilofor- 
mining c*anliaf failuna Tfm nntag<jnisin hoi worn rliloHiis aiai phos- 
phates is (evidently of ini|Kn1anee in oanliao wiaakiie^s tir nephritis 
with salt rc‘tenfion, \V, lincuiooi':. (Quarterly Journal iif *\Itatirint\ 
Vol. h, Xos. 33 and 3i>; Vol* Hh Xi». 3U for hdihography* Set* also 
Ntwvc's, p. 332, Tr.| 



CHAPTER XVIII. 

BLOOD, RESPIRATION, CIRCULATION AND ITS DISTURBANCES. 

Blood. 

{Sh' XIV, Th<‘ Distribution of Water in the Orp;anism.) 

'riu-: hltHicl rcmsists of a iluul, tlu^ plamia^ aiul the formed elements, 

t lie blmnl eariuisclvs. 

PhtHma. 

In a short time afttu* tlie l)lotHl h'aves the body it coagulates 
spontniUHHiHly. It Heparutc‘s into two compoiuvuts; one a yellowish 
fluid, the mi'iiifi, and tin* jelly-lik(‘ clot, WwJibriHj which has enmeshed 
the l)lood corpuscles and has tuidt*rgoiu‘ shrinking during coagulation. 
If tlie hlooil is }>euten or shuktui with a rough surface (wood or steel 
slinviugsl ufti‘r it has left tht‘ vc'iii, it clots at once and the fibrin 
si^parates immcihately as an irrt‘V(TKil)l(' fibrous mass which may be 
completely elenusetl (jf tlie adh(‘nmt eonstitueuts of the blood by 
washitig it with watt‘r. Iteccmtly colloid-claunical exphuuitions asso- 
iinteii with the nHni(\s K. Siuuo and EbLiNcnoK, Nolf, Kettger, 
and Hkem A Imvt* nnnvvd mon* siipport. Idbrin occurs in the blood 
as fhiitl fibrinalbuminate (fibrinogim) which is normally characterised 
l>y Inang rongulated by diliit(‘ salt solutioiis and serum, so that 
wimething miist i*xist in tlH‘ bIoo<l whicdi prcvcuits (‘.oagulation in the 
vess(*ls. possi'ss ncj ktiowhalgt' as to wliat this ‘^sonud-hing” is. 
jlloWKni, lias recently separattul this Hul)stance ant iprothroinhin. See 
H aicvkv I.ectures, liUb H)l7 be published. Tr.j Certain aspects 
may be indicaUni which ludp th(^ solution of the prol)le.m. (k)agula- 
tioii occurs when thi' blcHal l(‘nva*s tht^ closed vascular system, and 
(Sillies into (’ontiicf m’ith ot!u*r .surfacc^s which ii nwistens. If blood is 
collected in oil or vaseline, it rcanains fluid many hours and may even 
he beal(*ii with a thoroughly gn^ascHl glass rod without clotting. 
Hhed blood may bt* (amtrifuged in puraffirual vesseds and a plasma 
may l«* thus obtained which nanains fluid, provided the suggested 
pr(*ca«t ions art* eiiiploycal Such plasma clots when a glass rod which 
it moistens is introduced. It is not known whether or not the inter- 
face blood gas plays any jiart. in clotting. 

H. iHtaiVKHcai is of tla* otiiuion that tlie electric charge of the 
vessel wall plays an im|mrtant part in the coagulation of fibrin; in 

m) 
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life it differs from what it is in death and pathological conditions. 
Blood does not clot in a paraffined vessel because the paraffin is nega- 
tively ^ charged. [The spontaneous and immediate development of 
vasoconstrictor substances in shed blood have made necessary the 
development of special technique caval pockets for the study of 
the influence of the nerves on the adrenal glands. J. M. Rogoff, 
Journ. Lab. and Clin. Medicine, Vol. Ill, No. 4, Jan., 1918, p. 209 
et seq. Tr.] He arrives at this view, because he regards clotted fibrin 
as a complex which results from the combination of all the electro- 
positive globulins of the blood with some of the negative ones. He 
assumes that plasma contains two kinds of globulins, one of which 
coagulates at 72° and the other at 55°. 

At any rate it follows from what has been said that the determina- 
tive factor in coagulation is a surface tension phenomenon which 
offers a profitable field for more thorough study. It must not be 
forgotten that the blood moistens the vessel walls, the intima, so 
that it is not the mere moistening which is important. Injuries to 
the intima may bring about local blood coagulation (^thrombosis). 
If such thrombi are dislodged into the vessels the resulting phenomena 
are called embolism. It is well known that the chief danger of any 
extensive surgical operation is the development of such emboli. 
Air emboli are especially dangerous; they may occur from injuries 
to the veins, or air may be injected during intravenous infusions. 
Sometimes in air embolism, coagulation may occur at the interface 
blood/air as I have been informed in a personal letter from Geheimrat 
Prof. Quincke, the clinician. 

The serum is a solution of proteins in salt solution. We must at 
present assume that these proteins are different, not only for every 
animal, but even for every race. They consist chiefly of serum 
albumin and serum globulin, which were described in Chapter X (see 
also IscovEsco*-). It is quite possible to remove a considerable 
portion of the proteins from the blood without immediate destruc- 
tion of the organism; as is well known, common salt infusions are 
employed in severe hemorrhages, i.e.j the blood that is lost is re- 
placed l>y a 0.85 per cent salt solution. It would be impossible to 
keep an organism alive permanently without serum. Aside from 
the fact that nourishment would cease, the serum plays a most im- 
portant role as buffer’^ in order that the acid and alkali content of 
the organism may be kept at a uniform level; it is of little impor- 
tance, however, in maintaining the level of the water content. 

1 French authors frequently use a terminology the reverse of this; they call 
whatever migrates to the anode electropositive, and vice versa. I have trans- 
lated their mode of expression so as to conform with ours. 
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'I'ht! urgauisiu is curefully providt'd with iiu'chuiuisins to iiiaiiitain 
tiif iii'Utral stat(‘. ['I'hi.s is not in accordance witli pniscsit views. 
In .\merican clinical lit(>rature this is at present usually expressed 

H7, "pij7 or Pm7 ueutraL lu nonnal blood 2 b/ = 7.4, while in 
advant*ed aeid intoxii’atiou, Pii772, Tr.] Eveay abnormal (‘X('(*ss 
of H or Oil iouH infhunict^s the condition of swt^lling in the tissiK^s 
and may thus ^ive rist^ to |i:rav(* disturbance's. Although 0.37 X 10 
repH'semts the' nonnal Il-ion coiu'entration of the blood, 1.00 X 10 /ill 
indicates mi advmuMHl acid intoxication. l.OOX 10" //IT da, mages 
the' renl blooel cor|>ust'U's according to L. Mh’Iiaiolis and D. Tak- 
ABAHiH just ns do t rac'cs of NaOII, We know from the inves- 
tigations of 11. *1. nAMuuuejna and Hkkma'*^ that the' funcd.ional 
activity of the' le*ue‘oe*yt(‘S de*j)e'nels on the', normal ceincentratiein of 
II anel 01! iems. To maintain this e'emelition, nahure' has ])roviel('d 
a elouble safe'guarel miel surrounele'd neutralizatiein with a double 
line' of de'fe'iise'. The' enite'r wall is the se'rum salts, which are so 
skillfully e'omliine'et that the' ('oneent ratiem eif the 11 or OH ieins is 
unchange'd by the* mode'rate' aelelition eif acids eir base's. This preip- 
c'rty of the' se'rum salts is of gre'at importane'e' in the', metabolism, 
formatiein anel re'meival of in the' formatiein of lacdic ac'iel, of 

nmjuonia* e'tc.; it is e've'U to a e'e'Hain e'xt/'nt ine'.re'ase'd by tlu^ artiti- 
('ial intreiduction of ae'iels anel base's. ( 'ireaimstmu'os may arise 
wlu'U tlu'sc' out weirks are' eive're'ome^ anel the imu'r line trene'hcs have 
to be'ar the^ de'fe'ust'. 

He'Vi'H' poisoning with aciels or alkalis are' elange'rous not only 
bi'eamse' of tlie* burns the'y cause', but e'spe'cially be'eauise' of the' dange'r 
of disturbing tlie* balane*e' bedwe'i'U the' 11 anel OH ieius. We' must 
e'Hpt'cially t'emsidc'r tlu^ aciel intoxie-atiein in e't'rtahi elisenise's, as in the 
fe'ver of many eif the infe'e'tieius elise'ast'S anel in eliaheTe'S, associat'd 
with the' ove'r-prodne'tion eif oxybutyric ae'iel. Unde'r the'se'. circum- 
sianca'H the' inner Ihemgh we'uke'r lint' eif elcfcnsc must be tlu' ])rotcins, 
whie'lu bi'caust' eif tlie*ir am|>hote'ric characte'r, are' able' to liinel acids 
as well as bases. It is ueit a nmiivv eif liUle' e'onse‘(pu'ue*e' wlu'u the 
proteins have* to be' iuvoke'el for ne'utralii^ation. Wei have' se'e'n 
from page's 152 and 153 that the' aelelitiem eif alkali or ae'iel incre'ase's 
the* inkrmd Jrkthm eif albumin; tliat albumin ions have' a rnimh 
highe'f vise'eisity tlian tlu' jillmmin nmle'eulc'; and furtlu'r that in 
rne'dia tliat are' not m'utral the' blooel corpuscle's swe'lL The're'forc', 
undi'f circumstane‘e*H whe're* the're* is a highe'r iouii^at.iou of se'rum 
albumin ami pandle'l witli it a swe'Uing of the' feirme'd e'le'me'iits, we 
may e'Xpe'ct that tlie l>lood will show liighe'r viscosity and that 
greab'r dentamh wilt Im made' on the organ of circulation, the heart 
(see p. 310 et 
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There are no exhaustive investigations on the influence of salts 
upon the internal friction of proteins in normal serum. Yet it 
seems possible to conclude from the figures of Wo. Patjli and 
H. Handovsky that the friction in serum in the presence of salts is 
approximately the same as in a salt-free albumin solution; however, 
it must not be forgotten that the solutions investigated possessed a 
much smaller amount of albumin than does serum. 


Albumin + NaCl. 

Internal friction. 

Albumin + (NH 4 ) 2 S 04 1 

Internal friction. 

Normal. 


Normal. 


0.00 

1.0783 

0.00 1 

1.0783 

0.05 

1.0592 

0.05 

1.0582 

0.1 

1.0681 

0.1 

1.0725 

0.5 

1.1064 

0.5 1 

1.1020 


We see that when the solution of salt is very dilute, the internal 
friction may even sink, but that between 0.1 and 0.5 n which is in 
the neighborhood of the physiological concentration (physiological 
salt solution 0.85 per cent NaCl = 0.14 normal), the original inter- 
nal friction of the salt-free albumin solution is again reached and 
exceeded. 

A matter formerly very much discussed was whether some electro- 
lytes and nonelectrolytes, especially sugar, chlorin, phosphate, 
sodium and calcium, exist in the blood free or fixed. In the light of 
the facts this does not seem to be a correct statement of the problem. 
It is more important to determine what percentage of the ions 
involved are diffusible. B. P. Rona and Gyorgy by ultrafiltration of 
C02-sera have demonstrated that 10 to 15 per cent of the Na in some 
sera was not diffusible. P. Rona and D. Takahashi * determined that 
25 to 35 per cent of the calcium in the serum is not diffusible and 
probably exists as a calcium protein compound. The Cl ion, on the 
contrary, was found to be completely diffusible. 

We know from pages 147 and 161 that the solubility of salts in 
solutions of hydrophile colloids is very different from what it is 
in pure water. As a matter of fact, the solubility of easily soluble 
electrolytes is somewhat diminished and that of the difficultly 
soluble ones is markedly increased. If we make a solution of salts 
of the same strength and proportion per liter as occurs in natural 
serum (see H. M. Adler *) 


KCl 0.40 

CaCl 2 -i- 6 aq 0.62 

MgCl 2 + 6 aq 0.37 

NaCl 5.90 

NaH 2 P 04 + 1 aq 0.236 

NaHCOs 3.51 
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II prtHnpitutiorii taki\s place iiniuediately, the precipitate consisting of a 
mixturt* of c'alcium carlionate and phosphate. It is only because of 
lhi‘ pn‘staice of thc^ scanim colloids that this precipitation doi'S not 
(wvm\ Accordingly, tla^ stanun colloi<ls s(Tve the purpose of kec'ping 
Holublt' sulwtaucens in solution and of ndeasiiig them at the propca* 
time. Tim plumonumon is of great physiological impoii.anc(' in the 
format ion <^f hone (stn^ p. 2()8), and it is of great pathological signifi- 
cance in gouty dt'posits (sca^. p. 274). 

The surface (ension of stannu has been frequently studied in nHsmt 
yearn. The incentive^ was alTordcnl by the observation of M. Asoolc 
imt! (1, 1/, AH that tlu^ surfata^ tension of immune serum was ch^primal 
when it was unitcal with itssp(‘ci(i(*autig(m (hvv. meiostaginin n^action). 
Mohoan and Woonw vitn n‘cord(‘d i‘S[)(‘<aa.lly (‘xact (k^tenninations. 
They found that tlu^ surface icaision of lu^althy men did not vary 
mucli, on th(^ avm'agt' (from 44.8 to 4().4), but that the died, might 
cuust* markt‘d variation. Tlu^ surfaces hmsion is espcanally high in 
Homt* patients, t\sp(‘cially lu'phritics (n'aching to 51.4). Mammalian 
Hiwum dcH*s not <liiT<*r mmdi from human serum. 

Lymph. 

Wo can tliink of the lyrniih as a filtrate derived from tile's blood. 
It cI{H*s not by any nuains havc‘ a composition idemtieail witli blood 
plasma; <m the* contrary, wt‘ fm<l in it many nud, abolic products wdiich 
have* enieriHl it by tlilTusion from the cedis it batlu's. It is geiUTally 
asHumed that the* blood pnsssun* alTortls the^ incnaiscal prt*ssure 
nee^t'Hsary hir filtration; but I wish to call atbaition to th(‘ fact that it 
may iKissibly Ih» the* piilHatiou wlfadi is of prinu' importance^ in this 
inHf 4 mea% just as I havtt (‘stablishe'd for the^ glonuanilar filtration in 
the kidney (p. 832). 

The Blood Corjnmies. 

The re*d blood ('orpuscle^H or (Tythro(*yt(^s presemt undea* the mi- 
croscii|H* the wtdbkimwn round or (dliptical shapes with a thicktaunl 
rim, like* a bic‘onc*ave‘ eirenilar ortdiiptical platex In rcadity, acc*.ording 
to iht^ inve^stigatiouH of F. WnmnNitmon, they seaan to approacdi 
the gliafM^ of a Hpinning top (a {H:me‘ with a convex liaseO ; ho that imde*r 
the microHcojKi thedr ni>|M‘anuice in disiKirted. When tlu'y k*avi‘. 
the lilood viweds we frcsimmtly caicounhw erythrocyt-<^H in roule^am 
Bc*invY^,nii atfrilmtes tliis to the fact that the normal OH (dmrge^ is 
ilistiirlH**! by file glass slide. In the* blood veweds, howewer, the* simi- 
lar ami eeiuiil (‘hargt* of the* vc*,ssid wall opposes thc^ corpusede^s and iday 
never fttrm ronk\ati. In view of what follows, wc* should rcaadl iliat 
on swelling, tliey swedl up syiimudidcally and have tlie shape of a pcaq 
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ItH'ithiu aiui cliolt^stc^riu in relation to water aiul salt solution are 
(‘utin‘ly uninvc^stigaUnL Investigation of the swelling capacities of 
such inixtun^s would grc^atly advance our knowledge of plasma 
memhraiKvs. 

It is (‘vidtmi tliut the lii)()ids can form only vcuy thin surface pc'I- 
liek's if wi‘ (‘onsidc^r how small, in vi(‘W of tlu^ analysis on page 304, 
is tlu‘ amount of (*hol(‘st(Tin and h^eithin they eontaim 

A ciiu'stion nuuains: Is th(‘ nu^mhraiu^ of uniform composition 
and (*onsist4m{*(‘? Against this vi(‘W is th(‘ fact that on shrink- 
ing, th(nm-appl(‘ forms appear. This shapes might also occur if 
tlu‘re W(ai‘ an inn(‘r frarm^work, the int(‘rsfi(‘es of which an^ filknl 
at tin* p<Tiph(‘ry with eomprc'ssible (‘lements. Su(‘h a theory Ix'st 
fits in with physico-(‘h(nnical observations. Tht‘ p(‘lli(*k‘ of nnl blood 
eorpusck‘s is p(‘ntu‘aj)k‘ for water, fat-soluI)k‘ substancc^s and to a 
eewtain (‘xbmt for cations and anions of th(^ salts occurring in the 
Innly. 

Tht^ (‘xisttmc(‘ of a fatty p(41i(‘k‘ do(‘s not (4iminat(‘ th(‘ probability 
that tht‘ blood coipusck's may also form a fatty layca* at an injurtHl 
paint, which imtH‘<les tlu‘ (‘xit of luanoglobin (s(m‘ p, 243). (iuuNs'** 
discovc‘r(*d tliat ri‘d blood corpusck‘s could b(‘ (‘ut up without tlu^ 
subs{‘<(iu‘nt i^xit of luunoglobin, and 1C. AnmU'U’UT'^ show(‘d that blood 
eorpusck\s divi(k‘d by crushing or by g(‘ntk‘ luxating, to a (HU'tain 
(‘Xteut n'Hunu'd th(‘ir s|)ht'rical form by n^ason of surfaces bmsion, and 
retain<‘d tlu^ir c<»loring matt(T. It must b(‘ bonu' in mind that rc'd 
l4oo<I (‘orpus(4(‘S t*ontain only 591 parts watt^r to 3 lb parts luuno- 
globin. If th(‘ hcunoglobin w<‘r(* to appropriate^ all tlu^ wateu', which 
is <*ertainly not the* cast*, wt* should obtain only a V(*ry vis(‘ous mass,* 
which would retpiirt* a <‘onsi(k‘rabk‘ tinu* to sw(*ll or im(k*rgo oth(‘r 
ehang(*s, thus giving an opportunity for the* formation of a surfatui 
mtunbrant* (st't* p. 35). 

Based cm my own hith(*rto unpublish(‘d studk*s on li(‘molysLs and 
on those* e»f othe*rs a(*<‘c*ssible‘ to me*, I have* forrimlated t lu* following 
hypothe*sis for the* structure* of re*d blood ct*lls: they posst*ss a sponge*- 
like* fram(»work etjusisting of a fibrinous mass, the* stroma (to what 
e*xte»nt lipoids are* involvt*d in this framework is an opt*n eiut'stion 
e*nlire*ly immate*rial to our discussion). The* sponge is (*ntirt‘ly 
soake*d witli a salt-containing albumin solution, chk*fly he*moglobin, 
and has a vt*ry thin lipoid p<*llick* as a capsule*. On the* Iiasis of 
such a strut‘tun* nil the* known propt‘rtit*s of ri'd blood (*e*lls find an 
unstrained explanation. They would swe*ll and burst in liypotemic 
solution and shrink in liype*rtonic solution. Sueli salt solutions a,s 

* It y easy tee convince* one*He*lf of this hy ohs(*rving a pun^ HUHpt*nHion of 
hkMHienirpUMck*,Hhcct)int*slu*nH4yxt*el hy a elrt>p of araclinolysin. 
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dehydrate (shrink) the stroma without causing coagulation of the 
hemoglobin hemolyze red blood cells. In fact, concentrated sodium 
chlorid solution causes hemolysis. The blood coloring matter is 
pressed out just as in the case of the salts ^ of heavy metals mentioned 
later. By carefully cutting, crushing or warming, the blood corpus- 
cles do not lose their coloring matter, provided sufficient time is 
allowed for the lipoid membrane to close before the coloring matter 
diffuses out. If the lipoid membrane be destroyed by v/arming or 
solvents (ether, saponin, etc.), hemolysis occurs. The salts of the 
heavy metals which coagulate albumin harden red blood corpuscles 
also, and if red blood corpuscles are placed in such weak solutions of 
heavy metals that no coagulation of the dissolved albumin occurs, 
there are two possibilities; the salt of the heavy metal causes no 
shrinking of the stroma (e.g., CuCb) and the blood corpuscles are left 
unchanged; or the heavy metal causes shrinking of the stroma (e.g., 
HgCb and many others) so that hemolysis occurs, for the blood color- 
ing is pressed out as water is from a sponge.^ The spongy frame- 
work with its largest outgrowths reaches to the surface of the blood 
corpuscles, so that there is at the surface if there is no stress a mosaic of 
lipoids and albumins which can assume, in hypertonic neutral salt solu- 

^ With a few special exceptions, it is entirely immaterial to our point of view 
whether we regard behavior towards hypotonic and hypertonic solutions as the 
result of osmotic pressure or as the result of swelling and shrinkage of the corpus- 
cular colloids. 

Martin H. Fischer * has developed an entirely revolutionary conception of 
the constitution of the red blood corpuscles and the phenomenon of hemolysis. 
He starts out with the idea that hemolysis may occur as two phenomena: (a) 
with swelling of the blood corpuscles (in water, acids, alkalis, etc.); (6) with- 
out swelling (alcohol, saponin, hemolysins, etc.). On this account M. H. Fischer 
regards the increase of volume and the exit of the hemoglobin as two phenomena 
which frequently run parallel and yet have nothing to do with each other. He 
assumes that the proteins (not the hemoglobin) swell under the influence of 
water, acids, alkalis and hypotonic salt solution. The hemoglobin, however, 
which he considers to be an hydrophobe colloid, he regards as being adsorbed by 
the remaining protein constituents of the blood corpuscles. To demonstrate 
his conception M. H. Fischer stained fibrin with carmine and observed a loss of 
color with acids, alkalis, hypotonic salt solutions, urea, etc., just as in the case 
of hemolysis. In this way M. H. Fischer injects a new point of view into the 
discussion, since he replaces the influence of osmotic pressure by the force of 
swelling and the salts by the colloids, yet many of his points seem untenable to 
me. If we consider that a blood corpuscle contains almost five times as much 
hemoglobin as other proteins, we must cease talking of an adsorption of the 
hemoglobin by the albumin; adsorption is a reversible process, a term applicable 
to only very few hemolytic phenomena. I cannot subscribe to the view, that 
hemoglobin is an hydrophobe (suspension colloid). This, however, is not vital 
to the main question. 

^ From experiments still unpublished. 



BLOOD, RESPIRATION, CIRCULATION AND DISTURBANCES 307 

tion, a thorn apple shape. On the basis of this hypothesis, whenever 
we exert an influence on red blood corpuscles, we must consider the 
effect upon each of the three colloidal constituents (stroma, hemo- 
globin solution and lipoids) as well as its distribution among them; 
from this the behavior of the blood corpuscles may be deduced 
(hemolysis, swelling, shrinking, hardening, etc.). 

There is an extensive literature on the changes in the volume of 
erythrocytes in neutral isotonic salt solutions; ^ I shall ^lention only 
the names of Gurber, H. J. Hamburger, S. G. Hedin, R. Hober, 
H. Koeppe and M. Oker-Blom. In these studies, the blood corpuscles 
were usually regarded as vesicles with a more or less permeable mem- 
brane fllled with a solution of electrolytes. This conception does not 
permit a general satisfactory explanation of all the observations that 
have been made: There are already evidences of a revision which 
shall ascribe due influence to the colloidal character of the corpuscular 
constituents. R. Hober immersed blood corpuscles in neutral salt 
solution, which possessed the same osmotic pressure, but in relation to 
the blood corpuscles, were somewhat hypotonic, so that hemoglobin 
gradually escaped. This escape took place more or less slowly in 
accordance with the salt employed and in the following order: 

SO4 < Cl< Br, NO3 < I 
Li, Na < Cs, Rb < K. 

This is the recognized lyotropic arrangement for colloidal pre- 
cipitation, or what seems more likely to me, for swelling and shrink- 
ing (see M. Miculicich *). An investigation by Eisenberg contains 
much important data which ought to yield valuable conclusions, in 
connection with the theory outlined above. [Note. J. Tait has 
just published a paper — Capillary Phenomena observed in Blood 
Cells: Thigmocytes Phagocytosis, Ameboid Movement, Differential 
Adhesiveness of Corpuscles, Emigration of Leucocytes. Quarterly 
Journal of Experimental Physiology, Vol. XH, No. 1, Tr.] 

Leucocytes have a special significance which we have considered 
in Chapter XVII. 

As has been frequently emphasized, the normal organism estab- 
lishes a dynamic balance in the swelling of the organ colloids (see 
p. 217 et seq.). The tissues, the blood plasma, the blood corpuscles 
possess a certain swelling range, which is specific for each tissue. 
If certain component colloid groups suffer disturbances in this 
respect, in order to restore equilibrium all the other components 
modify their state of swelling. This may occur in severe diarrhoeas 

1 Numerous investigations have been performed to determine the behavior 
of blood corpuscles towards neutral salt solutions. From them it may be de- 
duced that iso-osmotic solutions are not necessarily isotonic to blood corpuscles. 
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(cholera), which result in dehydration of the entire organism. This 
is combated by an injection of physiological salt solution into the 
blood vessels. If, on account of abnormal conditions, there is an 
increased swelling of tissue (edema, exudates), the balance may be re- 
stored by withdrawing water from the blood (by sweating, diuretics 
or cathartics), [Reference should be made to the influence exerted 
by increasing the colloids of the blood either by transfusion of blood 
or by injection of colloidal substances. Tr.] 

Respiration (Gas Exchange). 

The supply of oxygen to the cells is probably the most important 
condition for the life of the organism, whether animal or plant. For the 
latter, quantitative estimations are not as convenient, and on this ac- 
count they have been less studied than in animals, especially mammals. 

In the case of higher animals, the provision of oxygen is assigned 
to the red blood corpuscles which take up oxygen in the lungs or gills, 
transport it to the places where it is needed, and return laden with 
CO2. Ability to take up and relinquish oxygen or carbon dioxid is a 
characteristic of hemoglobin. Formerly, the combination of oxygen or 
carbon dioxid and hemoglobin was considered to be a purely chemical 
one. In favor of this view is the fact that it is possible to crystallize 
both hemoglobin and also oxygen-laden oxyhemoglobin. The union 
must be a very loose one, since it is possible to remove with an ex- 
haust pump almost all the oxygen from an oxyhemoglobin solution or 
even from oxyhemoglobin crystals, so that the absorption of oxygen 
and carbon dioxid follows the gas pressure. It would be natural to 
think of a solution of 0 or CO2 in the hemoglobin, but quantitative 
investigations show in contradiction that the absorption of 0 or CO2 
is not proportional to the outer gas pressure as would occur for the 
solution of a gas in a fluid in accordance with Henryks law. It has 
been found on the contrary, that with low gas pressures relatively 
much 0 or CO2 is taken up, but that with higher pressures the amount 
diminishes; the following table of A. Loewy*^ shows this: 


Oxygen tension in 
mm. 

Oxygen saturation in per 
cent with a CO 2 ten- 
sion of 5 mm. 

5 

11 

10 

28.5 

15 

51 

20 

67.5 

30 

82 

40 

89 

50 

92.5 

SO 

OS 


BLOOD, RDSBI RATION, CIRCULATION AND DI8TURBANCBS 309 


Dondkr’s time it lias Ixhri uhsuiiuhI, tlu‘r(4*on‘, that a disso- 
(‘iaticHi occurs mu(‘li as iu tlu^ cas<‘ of calcium (‘arhouate which is 
dissociattHl into C'aO and (Xh at high t(‘mp(U’atur(\s; the degree of 
dissociation is d(*pc‘U(l(‘ut upon tlu^ (X ).2 pr(‘ssur(\ (Xir. Bohr es- 
pc‘cially followtul up this id(‘a and on tlu^ basis of ratluu* (‘omplicated 
pnmiises rc^aclunl an approximah^ agriaxiumt hvimnni theoretical 
anti t'xpt‘rinumtal valutas. H. \V. Kischru and VI. Buirger think 
that iron t'xists in htnnoglobin ‘‘ prott'cttsl” by tlu^ organic complex. 
In alkaline* solution it occurs as a fiUTate, be., a sup(*roxid (analogous 
to nuinganatt*), Imt in a solution nuidt* acid l)y (Xb it is unstable and 
parts with oxygtm, Anotluu’ t'xplanation otT(‘r(‘d by tlu* assumption 
of Wo. OsTWALO*’^ is that the* taking up and rt'lt'ast* of 0 or CO 2 
liy lu*moglobin and blood is an (ulstirptitnh Ht* compands the process 
to tlu* absorptum of gast's by charcoal, spongy platinum, etc. In 
l)oth (*ast‘s tlun't* t‘xists a reversible baUinee, in both cast's ont* gas 
may bt* r(*pla(‘t‘d by the oth(*r ((> by (Xh and viee versa), Thi^ curvt^s 
obtaint‘d iu the adsorption of O or (Xt* by lunnogloliin or blood in 
the iirt'stmt*!* of incrt'using gas i)rt*ssurt*s corrtvspontl to th(‘ retxig- 
ni/itul adsorption curve's. On <‘omparing tlu* dilTt'rt'iices between 
tht'ory and t*xpt*rimt*nt iu tlie cast* of Hour’s dissociation formula, 
on th(* out* hand, and Wo. (Xstwalo’s adsorption formula, on the 
otluT, it is ('vidtmt that for tlu* lattt'r th(*y are mut'li smaller. 

Ilitlu'rto w<‘ have* spokt'U of tin* adsorption of O and (Xb by 
hemoglobin, blood eorpuseles and blootl as idt'ntical, but in reality the 
phemomt'na in t he* blood art* very complie*att*d. 

d'ht* absorptiem and the* nh'ase* of oxipjen by hemoylohin may be 
consith'red a reXativt'ly simple* phtmeantmon. Hut even in the t*ase eif 
blooel corpu.sch's anti blootl, observation and calculatiem elo not agrt'e 
m wt'll. \\X). OsTWALi) says (loe, eit., p. 2t)()), '‘''Fhe'se* variatieins are 
characteri^t'd by the* fact that in the* case* of low oxygen iireiSBurt's 
(somt'what behuv 25 mm. Ilg) tlie e>b.sc*rvt*tl tixygt'U abseirption is t'on- 
sitlt'rably le*Hs than would be* e*xp(*cte*el in act*e)rdane*e with the* aelseirp- 
tion formula. In my opinieai this variation is sudicit'utly t'xplaiimd if 
we* ctmsidt'r tin* lipitids of bloexl ct i rpu.se le*s; () is nmre* seiluble in them 
than iu wate*r and thc're* is im objertion to tlie* assumption tliat the 
distrilnition in the* lipoiels with changing gas “pre'ssure* follows IlenryXs 
law. l*nd(*r the*s<* circumstance's the* curve* of oxygt'U abseirption in 
tlu* blotid must wavc*r lH*twt*e*n that ed' tin* adsorption curve* and the 
straight line* eif elist ributiem in accunlane*e with lltmry^s law. By 
obs(*rvatiou of the* curve* clnborat<*d by Wo. Ohtwald (in aerordane'e 
with A. LokwtK I fimi this vii*w substantiati‘d doe. dL, p. 297). 

IXtt* alhsorpiioa anel nhase of CXr* by the* lileHnl and blooel exirpus- 
ch*H is further compIie*ate‘el by tin* blood salts. By tlie*ir presonco the 
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serum is able to take up more CO 2 than the blood corpuscles, but it is 
impossible at present to formulate in detail the steps in the absorption 
and release of CO 2 by the blood. The adsorption theory of Wo. 
OsTWALD naturally does not help us over these difficulties, but under 
the complicated conditions mentioned it formally establishes thfe 
adsorption character of the absorption and release of CO 2 in the blood. 
If we view teleologically the manner of gas exchange, we recog- 
nize that adsorption serves this purpose best. Excess of oxygen 
(up to 100 per cent) in the respired air has no effect either in the 
0 used or on the general metabolism; when oxygen is deficient small 
quantities are taken up with avidity and tenaciously held. The in- 
halation of oxygen recently recommended for clinical use may be 
explained only by considering the plasmaA From a mixture rich in 
oxygen, hemoglobin will take up only a given maximum quantity, 
but the ability of the plasma to take up oxygen follows the gas 
pressure. Finally, it must be recalled that with higher pressure the 
lipoids of the blood corpuscles take up more oxygen. [No discussion 
of the gas exchange in the blood would be complete without mention 
of the work of Baecroft, ^^Respiratory Function of the Blood,” 
Cambridge, 1914, and of Henderson, and of Donald van Slyke, 
who have supplied methods and data of great value. Tr.] 

The Circulation and Its Disturbances. 

A normal circulation can exist only when the internal friction of 
the blood, the viscosity, remains within normal limits. This varies 
considerably, and in man, measured for uncoagulated blood, is from 
4.05 to 6.8 (water = 1). In cardiac patients, besides normal values, 
values from above 14 to 23.8 have been found. Muscular exercise, 
heat and chemical stimuli influence the viscosity (H. A. Deter- 
MANN*). Salivation, lack of water, perspiration increase, whereas 
ingestion of fluids or nourishment as well as increased frequency 
of respiration lower the viscosity (M. Scheitlin*). According to 
H. Blunschly the viscosity of the blood falls with every intake of 
nourishment, reaching a minimum after the midday meal, and then 
rises with fluctuations. The differences in the same person on one 
day were 11.8 per cent; yet the figures vary much on different days. 
Moderate muscular work according to H. A. Determann lowers 
the viscosity of the blood, hard work raises it as do alcohol and 
coffee. 

The viscosity of the blood may be influenced by certain substances; 
according to W. Scheitlin,* a gelatin injection of 0.15 per cent of the 

^ Naturally this does hold in the case of CO poisoning. 
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)acl volume increases the viscosity temporarily 15 per cent; are- 
in (0.1 grm., subcutaneously) up to 36 per cent; cutaneous appli- 
fcion of spiritus sinapis, up to 12 per cent; a phlebotomy (up to 
per cent) and the action of other derivatives, for a few hours 
ver the viscosity (these results were obtained on horses). Changes 
viscosity were observed by W. Scheitlin in various diseases 
rincipally of horses) ; and by W. Frei * on dying horses. In dis- 
ses of the lungs and pleura associated with fever, especially high 
lues were found, and in anemias they were especially low (as low 
2.3). The viscosity usually reaches its highest point with the 
isis and then falls. 

All these observations furnish valuable material for future knowl- 
Lge of the relationship between the viscosity of the blood and 
ithology. Already it may be said that the viscosity of the blood 
LS a certain prognostic value. 

The viscosity of the blood is conditioned by the internal friction 
the plasma and by the blood cells. We shall see later that the 
tal amount of the former plays a far less important part than 
le latter, and that, as a matter of fact, an important part in the 
langes in viscosity of the plasma must also be ascribed to the 
terface tissue/plasma. 

Marked changes in the viscosity of the plasma may also be induced 
■f the inclusion of some foreign substances. P. Adam found that it 
lowered markedly by iodids, and to a less extent by bromids. 
i is possible that some of the therapeutic effects from the adminis- 
ation of potassium iodid (especially in arteriosclerosis) may be 
:tributed to the diminution of the internal friction. Investigations 
1 man have not as yet given uniform results (P. Adam, H. A. 
►ETERMANN,* 0 MULLER and R. InADA). 

The concentrations of urea possible in the organism can have no 
tfluence on the internal friction of the plasma (as far as I can gather 
om G. Moruzzi’s* figures). 

To the extent that the data furnished by Wo. Pauli and H. 
Andovsky warrant it, an increased ionization of the serum albumin 
LUst also result in an increase of viscosity. Such an increased 
mization of albumin may be brought about by an increase in con- 
mtration of H or OH ions. An increase of the latter is impossible, 
3 we shall see. On the other hand, the following tables of R. Hober 
low that an increase of CO 2 may produce an increase of the con- 
mtration of H ions in the blood. 

R. Hober measured the concentration of H ions in the blood 
pon the addition of carbonic acid mixed with hydrogen. I have 
^produced only the percentage of CO2. 
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Volume per cent CO 2 . 

Concentration of 

H ions X 10-^ 

3.18 

0.37 

4.15 

0.49 

6.51 

0.79 

9.19 

0.89 

15.50 

0.94 

29.05 

. 2.37 

57.86 

2.98 


Within the physiological limit of 3 to 6 volume per cent CO 2 ; the 
concentration of H ions in the blood varied only from about 0.35 to 
0.75 X 10-^. When the content of CO 2 is greater, we shall see that 
the H ion concentration may rise. According to H. Loewy,*^ the 
normal CO 2 content in the alveoli on closure of the air passages may 
increase from 5 per cent to 13.4 per cent, which produces approx- 
imately 50 per cent increase in the concentration of H ions. 

A. SziLi* injected rabbits and dogs intravenously with hydro- 
chloric acid and found shortly before death an H ion concentration 
of 9 X 10"^; in diabetic coma H. Benedict* observed a value of 
1.5 X 10-7. 

This increase in the H ions is doubtless associated with an in- 
creased viscosity of the plasma. We shall see that this is vanishingly 
small, hardly measurable in proportion to the increase of the vis- 
cosity of the blood which an equal concentration of H ions produces 
through a swelling of the red blood corpuscles. 

The viscosity of the total plasma does not teach us anything about 
its viscosity at the interface between tissue and blood. The friction 
at this surface is absolutely determinative for the circulation of the 
blood. 

What are the conditions at these surfaces? The blood is neutral, 
the tissues are acid. In the cells there is an oxidation which passes 
by way of the most diverse fatty acids to carbonic acid. The fatty 
acids involved are without exception stronger acids than carbonic 
acid. Accordingly, at the interface tissue/blood, an ionization of 
the albumin must occur and with it an increase of the friction. The 
friction must be greater in proportion to the disturbances of the oxidiz^- 
ing processes in the cells; i.e., the less oxidation to GO 2 , the faintly acid 
end product, the more acids with high dissociation constants are 
formed. The friction at the boundary, i.e., the albumin ionization, 
becomes great also when the blood itself is saturated with CO 2 , that is, 
when the products which diffuse into the blood from the tissues have 
less alkah to combine with than normally. 
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Let us test the correctness of this view with the facts at our dis- 
posal.^ 

It follows from the evidence to be given (p. 315) that the accumu- 
lation of CO 2 increases the viscosity of the blood, but we do not learn 
from this how the swelling of the blood corpuscles and to what ex- 
tent the H ion concentration at the interface tissue/blood may be 
involved. Indirectly we obtain a certain insight from the studies 
of add intoxications. A. Loewy and E. Munzer* determined the 
ability of the blood to absorb CO 2 in normal animals and in those 
poisoned with hydrochloric acid, with the following results. 


Normal Blood. 


CO 2 tension. 

CO 2 fixation. 

Per cent. 

Volume per cent. 

2.196 

28.43 

3.290 

-.-j 

34.75 


Blood of an Animal Poisoned with Acid. 


CO 2 tension. 

CO 2 fixation. 

Per cent. 

Volume per cent. 

3.630 

7.37 

6.143 

17.88 

7.530 

22.26 


Accordingly, the CO 2 tension must be greater in the animal 
poisoned with acid for the same absorption by the blood to occur 
as in a normal animal; which means that there is less alkali for use 
in combining with the acid products diffusing from the tissues than 
in the normal one. 

Similar conditions occur when there is an abnormal acid produc- 
tion in the tissues; namely, after great muscular exertion with over- 
production of lactic acid, in fever, where, measuring the alkalinity 
of the blood (by the CO 2 exhausted), Kraxjs found it reduced to one- 
half or one-third of the normal, as in typhoid, erysipelas, scarlatina 
or continued fever of tuberculosis, in starvation, in coma, especially 
diabetic coma with over production of oxybutyric acid, and frequently 
in diabetes mellitus. Kraus found in a severe case instead of a vol- 

^ It is only possible to indicate here that the difference in the reaction be- 
tween blood and tissue necessitates a difference in potential which offers resist- 
ance to the movements of the blood. It is greater in proportion to the relative 
difference in the concentration of H ions. Unfortunately, we lack the experi- 
mental basis to establish my assumption mathematically. 
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unu^ |H»r cent fnnn '( H )2 (jnly V2, l uiitl ilH, mul I K .\Iixi>w<nv.sKi 

once fouml only ,1.3 pt^r vinit. IMtiPion slumld lir <if tin* wijrk 
of ,h)HIJN, VAX Sl.VKK, MaUUIOT Uiul HoULAXO hi Alllrrif.’i. I'r.j 

Oil tlu‘S(‘ groumis \vr must n*uli/A* thut in all rrs|iiraf4iry 
turhiuu’C'H not only tho urrumuhition of C‘i^a in Iht* MihhI, Imt alno 
that tlu* inc*oniplnt(* oxhlution in thr tisHUi* rtA*^nlting from iiisii!ru*it*ni 
O, leads to cireulutory disturhanees. 

The* following lint* of prt>of sotaiiH es|itH’iii,lIy interosting in tm*, 
Wv know that in olu'sity, tlu* tixitii/,ing fttreos in tin* tissiir.'^* aro rt»- 
du(‘ed,^ HO that tlie fat is no longer attaekinh aiuk ns a iiiiifter of 
fact» it is in tlu* ohest* t*Hperially tluit eirenlatory ilistnrhnnees regu- 
larly apptair. 

Olinieians know that the eireulatory tiisturhanres fnnn tliininislied 
alkaleHec‘net* in mirh eaHt‘H art* ltem*lited hy giving large «Iom\h of 
alkalis. 

I am fully eonviiuuu! that the faets lu^rt^fidon* nii*ntiiiiietl may 
ht‘ expluim*d hy tlu* int*n*aHtHl viseosity of tlu* Idooit dm* fi» the 
swelling tif the blood torpuseltAS, aiul nlsti that we havr* no e\jien» 
numtal t*vid(*ntu* to Ht*parate tlu* two |ilu*noniena. My stth* objeei 
is to introtinet* into tfu* orgaiiie tlt*vt*lfi|»iiu*nt. of existing ideas ii 
mav viewpoint basetl on f’olloiil-ehemieul faelM. Ai ihr mirrfmr, 
iimtu* hliHttl, inerram'd // itm amvndrntitm mmij dirrh^p, tiiel ri rr.niili 
of the ioHizniitm of (hr ulhumhi, u ipndrr fnrinoi miiti /#r pnidiurd. 
The iiu’rease in tlu* <‘oneeiitrafion of H ions may b** iirodunsl by 
diiHiHuttttH iH (hr tdkiduidiji of (hr hlotnl or (hromjh a fii^iiwhiiurr of (hr 
oxidiziNg pnwrm'H in (hr (imtu-M, mt that many eireulatory di.Hfiirb» 
anees may ht* vit*weil ns errors of iiietabolism. Tin* |ioH,Hibi!ity of mi 
increased friction as the result of a change in the dillereiier in |iofriiliid 
lietween lilotwl and tissue has thus been indiciiftnl. 

The mere* tlisiurbaiiet* in tlu* oxidation |iroce.Hses in tlie tis.Hiies hImo 
causes tliem to swelh resulting in ati iibslriielion of wnlrr frum Itu* 
hlcKHl and a e«»nse<|ueiif increase in its viseostly, We thus 

recognise a relationship lietweeu tin* visetmity of the blood iiiul the 
ciuestions eonsidered in the chapter on hMema e^er* p. 223 ri 

Thr tnflmmrr (f (hr hhmd rrUn tm (hr iutrrmd fnrium rf (hr MtmiL 
As Avas sliown by A. (ithiiim the rt‘d blood corpuscles :hwr!l 'when 
carbonic acid is introduceil. If. J. llAMiiraoKii mid vox LiMimra 
have confirnuHl and tlmroughly iuinly^.ed this ofiHervntion in the 111 ,^ 1 * 
of carbonit* acid mid other acids, Tlu* turtrmr in the vtihime of the 
reil liloott corpuscles^ whieh is 15 jw*r cent more in wtuim tliiiii in 
arterial bloiKl, in piitliokigical conditions, r.f/., in ii.spliyxiiititim inay 
rise to 10 per ciuit. 

I he most exliaustive kivestigatioiis in this direclioii w‘ere tjiider- 
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taki‘U In* A. V(»N KcuiANYi and J. Benck. It is to tlu" cn^dit of A. 
VON KoiiANYi that h(‘ a|)pli<Hl th(ss(' n^sults to tlu' disturbance's of the 
<*irculatitm. We have* to thank him for a truly illuminating dis- 
cnissiun ot tlu' patludogical physiology of the' circulation (A. von 
K oiiiNVi and O. Hichtku,* Voh 11, p. 51, at m/.). 

Idnaliy* wv may t‘onchuh' that increase' in the (X )2 eu^ntemt emise'sa 
suY'lling of tla* blood (‘eirpusch's whie'h may be e^onsieh're'el the (ihmf 
tae'teir in the* iuc‘rease‘d vis(‘e)sity of the' ble)od. By introducing 
oxygen the pro(*e‘ss is n've'rse'd. 

('‘irvulaionj disturbances may be' ce)neliti()ne'el by failure of the 
motor, thc' heart, liy e'hunge's in tlu' pipv system, the arterie's, ve'ins 
or e‘apillari('s, e)r finally by iiu're'ase'el eiseoslty of the blood. Every 
cliangi* in tlu' inte'rnal friediou of the' l)le)e)d must in the first place 
havt' an (*11ect upon the* lu'art, and in the* se'cond ])lace* upon the 
tubular system. It follows the'U that a dt'ficie'nt (‘ardiac function 
may prituarily produce* an inere'ase'el vise*e)sity of the ble)e)el (through 
instiflie*ie‘ut supply of oxyge*u), or an incre'ase'el viscosity of the*, blooel, 
thn* primarily te^ a disturbance* in tissue* me‘tabe)lism, may see‘e)ndarily 
re'sult in a elislurbance* of the* h<*art. We* have* re'e*e)gnize‘el that an 
accumulation eif ae'ids, e‘spe*cially an accumulatie)n e>f may be 
re*sponsil»Ie* for an unae'ase* in the* vise*e)sity e)f the* ble)e)el. It woulel 
iiult*(*el be* a grave* (*rror we*r(* we* to be'lit've' that the* (*e)urs(' of e've'iits' 
in the* boely, during circulatory elisturbau(*e‘s, has the* simple* formula 
we* have* give'll. A furtlu'r pre*se*ntation of the* comiilie'ate'el cireaim-' 
stane’cs and the* t h(*rape*utic inllue‘ne*e*s weiuld take* us far be‘ye)nd the^ 
limits eif this book, although most of the* phe'uome'na have* not as yet 
liecn e’onsith*re‘el freau the* ce>tIeheU*he'mie’al stan(lpe)int. The* incre'ase 
in the* number of n*d lelooel ceirpuscle's, the* incre'ase* in tlu'ir (-1 euai- 
ivnU e*te’., tin* t*ntire* e-ourse* ejf circulateiry eli'eaimpensation and emn- 
pemsatiem are* epn*stions wliie’h in the* i)re‘se‘nt state* eif kneiwh'elge' arc 
w4vt*el bi'tter by tlu* pmetimi (*ye' e)f clinicians than by the ealcula- 
tions of re*seare‘li. 


Secretion and Absorption. 

Wafer and fooel e'lde'r tlu* gastrointe'stinal canal in neirmal nutri- 
tion. I1ic food is i’hauge'il fre^m a e‘olloielal to a erystalleiidal (*on- 
iltiiiiii aiu! is thuH able* ia puss threrngh tlu* inte*stina.l nu'mbrane* with 
till* water ami so re*ue!i the* inte*rior of the* body it is absorbed. 
ExecHs <if watf*r ami uscle'ss (*rystnlloids are* (*limina.tc*d by the* glands 
UrnYtitml^ If we aee*e*pt this rough ske'te^h, seereiion b('Com(*s, as 
M. II. FiseiiKit has <le*!im*el it, the mirror imaije of absorption. There 
art* eergaiiH wliie’li take* up se»lutiems and those* ifia.t (‘liminah* them. 
We know from prt*viotiH elutpte*rs that tlu* organism striv(‘s its utmost 
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to maintain its normal condition of swelling, so that there must be 
phenomena in the absorptive organs which oppose those in the 
secreting glands. M. H. Fischer recognized these, both in the 
oxidation processes of the cells and in the circulation. The func- 
tionating cell producing acid, hke venous blood rich in CO2, has an 
increased swelling capacity — it absorbs water; the resting cell, 
being well supphed with oxygen like the arterial blood, has an excess 
of water — it secretes. Thus we see that in the fluctuating supply of 
oxygen to an organ are furnished the conditions for the occurrence 
of absorption and secretion. 



CHAPTER XrX. 

ABSORPTION. 

{H(h^ also p. 409 vt mj.j on Purgat iveH.) 

Tiik absorption of food nuitiTials or ali(ni substancH's is accoin- 
plislu'd by a dissolving: (‘urnait which orig:inat(‘s in the intedineii and 
flows tlinnigli th(' body. Tlu‘rc it parts with soin(‘ substance's and 
takc's up otlu'rs, finally e'xcnding through the' various glands, but 
c'spe'cially the' kidneys, sue*h crystalloiels as have' be'e‘e)n)ie‘ supe'rlluous. 

Hul)staiie‘e‘s ituiy be' {ibsorbt'el fre)m e)the'r plae'e's, through the' skin 
anel niue‘e)us rne'inbrane's, fre)in pe'ritone'Uin anel pleura. This may 
occur whe'ii e'xuehde's have' e‘e)lle'e't.e‘el anel have' be'e'u abse)rbe'ei, e)r wlu'ti 
tlie' substane'C's have' be'e'u inje'cte*el. In seune' animals, as in the frog, 
absorption of wate'r oe'e-urs e^nly thre)ugh the' skin. Subeuitane'ous, 
intratnuse'ular anel intrave*ne)us inje‘e‘lie)ns arc nuieh' in orele'r te) intro- 
eluce' Hubstane'e' inte) the' be)ely without theur i)assagc thre>ugh the 
inte'stine'H. The' abse)r|)tie)n of substane'e's thus intre)eluc('d into the 
ejrganism is te'rme'el pdrenteral abmrpUon, 

Alimentary Absorption. 

Be'sidt's the' fluiels whie*h are taken with fe)e)el, tlu're is elaily ]K)ure‘el 
into the* inte'stine's e)f aelult rne'u 700 te) 1000 e'.e*. e)f saliva, (iOO te) 
IKK) c'.e*. e)f bile*, 000 te) HOO e*.c. e)f pancre'atie* juice*, 1000 te) 2000 e'.c. of 
gastrie’ juice*, 200 e’.e*. of Hue*enm e'ute'rie'us; in all 3.1 te) 4.9 lite'rs. 
Inasmue'h as in lu'althy men harelly 4(K) te) 500 e*,c. e)f this fluiel aret 
c'vac'uate'd witli the* fe'ce's, ihe're* must ne)rmally oe'cur a rt'abHe)rptie)n 
of 2,7 10 4.5 liU'rs. Te) thisnuist bc'aulde'el I to 1.5 lite'rs e)f liepiiel fe)oel, 
He) that the* alime'utary trae‘t absorbs about (> lite'rs elaily ^ eiuite^ a 
<‘onHide'ra!>le' Umk. 

With the* wat(*r, disHe)lve*d substane'e'H are* alse) al)sorl)e‘eL Inas- 
much m the* inte'stinal rtHunbrane* is impasHable* fe)r ce)Ile)ielH (with 
the* c'xe’i'ption e)f ve'ry fine'Iy ('mulsific'd fats), it is the* feme’tie)n e)f 
the* alime'utary tract with the* he'lp of the* fe'rme'iits to e'e)nvc*rt the' 
fooelsfiifTs into an e*asily eliffu.sihh* condition. 

The* inte'stinal tula' i.s a mc'mhranc', which sc'paratc's the' intc'rior 
of till* body fre)m the' fooels introduce'd aeid the' elige'stive* juic'e's. It 
is till* function of re'se»ar('Ii to dis(*ov(‘r what force's elrive* tlu'se' solutions 
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ri'spc'ctivt'Iy (iivstcjul of 75 aucl 109 c.c.) in experiments 3 and 4. 
'ni<‘ pr<H'<*«s 1 m‘C0IU('.s clc'ar immediately if wo regard absorption as 
actually a mvllina phouonu'non. W(‘ know from page 67 that ac- 
cording to I''. IIoFMKisTKU, a mvollon gelatin absorbs more salt than 
water from a dilute* sjilt solution, and that in the presemce of NaCl 
tlic absorption of water is stronger than in the case of pure water. 

Further light is thrown on this discovery by the researches of M. 

{ who showed that sewuin take's up a hypewtonic common 
salt solut ion more* readily tlmn an isotonic one. 

Pnem the t.abh! on page' 318 we' seee that Ji concentrated salt solution 
which cause's shrinking is hut. slowly absorbed. 

If we* e-eensieleT the altsetrplion of other salts, we find that those 
whiedi as a rule' preunote' the* nwcUing of fibrin, gelatin, etc., also as 
a rule' premietle the* nhNorptlon of water in thee intestinees. Therefore, 
there is a furtlu'r iniralhiimi Iwiwecn rapidity of diffwion and fur~ 
thernnee of swelling. 

Frenu the' re'sejirche's e»f R. Ileinuu’'" as we'll as those of O. B. Wal- 
UAe'K and A. R. (’t-siiNY,* we* obtain the' feelleewing se'riees: 

Rateeef elilTusieen:’ ni'<) 4 ,S ()4 < FI < NO,, < I < Br < Cl, 

Rate' eef abseerptieeu: FI < flBO^, SO., < N().i < I < Br < Cl, 

Rate eef elilTusieen : Mg < ( ’ei < Ba < Na < K, 

Rate' eef jibseerptiein: Ila < Mg, (tji < Nei, K. 

Frenn this sewh's we se'e* theit the're' is in ge'iieral a parallelism between 
the rales eef elilTusieen eeeiel eef abseerietiem. 

FI aiiel Ba he-ing iKewe'rfiel proteephismie' poisons, it does not sur- 
prise* us that tlu'.v feerm an e'xe'cptieen anel inhibit absorption. 

Simihir re-latieeiiships l«*twe'en the* nite's of eliffusion and of al)sorp- 
tieeii we*re ele'te'rmiue'el feer a se'cie's eef eerganic sedts and nemeleHetrolytcs. 

It may !«> seiiei, tlie-n, tluit ulowly dimming suhsteinccs arc slowly 
aliwerbetl, einel that e‘le*ctreelyh*s causing shrinking may impcele not 
eeiily their oevn eihseerietieen hut also theit of (ethers, and tlnit substances 
rnindlg dmimhle and favoring mvelling aett eeontrariwise. This follows 
frterte the* iiive'stigeitieens of F. HoKMKisTKU and his pupils as well as 
theese' eef H. BwiIUeeU) and .1. ZlKejUKH. 

The* imjeortane'c of swe'Uing is espc'cially evident when two different 
substjuice'H arc nhsterhed siinultaiu*ously. Let us take for e'xample 
aje expcrinie'itt eef Katzknkui-knuookn.* Himultemeously with see- 
dium cfiloriel, there we're intresluceed glycocol and acetone', which 
surely dee not favor swelling, bed. the latter rather the rewerse, and 
un-a whie-h inehece-s swelling to a high cU'grec. 

' Fer I, hr luetl C’l (hiTc lieivc leceju aubutitutod the eMusiou path hi joUieea 
instead eef mieielit • of elitTuBiten. 
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Experiment. 

Introduced. 

Recovered. 


c.c. 

c.c. of menstruum 
(average). 

Per cent NaCl. 

1 

Glycocol +0.45% NaCl 

50 

36 

0.332 

2 

Acetone +0.45% NaCl 

50 

15.5 

0.631 

3 

Urea +0.46% NaCl 

50 

17 

0.496 


From this we see that sodium chlorid absorption is greatest in 
the presence of urea, because, in spite of the great shrinkage in the 
quantity of fluid, the concentration of sodium chlorid is but slightly 
increased. This coincides with the results of the experiments of 
H. Bechhold and J. Ziegler in which urea in the main favors 
diffusion in gelatin and in jellies. If we assign to acetone properties 
similar to alcohol, we may explain the surprisingly rapid absorption 
of water in the above experiment, because, as has been said on page 
70, a certain proportion of alcohol increases the ability of glue to 
swell From these observations we gather new points of view in 
regard to the ready absorption of protein cleavage products, which I 
shall elaborate on page 411. 

We may make still further deductions from the above observations, 
since in experiment 1 we have seen that the NaCl content of the 
blood is higher (about 0.6 per cent); so that it has been absorbed 
against the osmotic 'pressure of NaCl in the intestines. This is ex- 
plained on pages 318 and 319. In experiment 2, the contrary is 
the case: the osmotic pressure is higher than in the blood; appar- 
ently the structures capable of swelling absorb less NaCl in the 
presence of acetone. 

Nor need we be surprised by the fact discovered by Otto Cohn- 
HEIM, that a hypotonic grape sugar solution introduced into a loop 
of the small intestine becomes more concentrated. From the same 
experiments we know that grape sugar, which of itself diffuses slowly, 
decreases the permeability of the swollen jelly, and thus blocks its 
own passage. 

Substances which themselves possess great capacity to swell, e.g,j 
agar, hinder the absorption of water to a high degree. 

It still remains a question, how the intestine maintains its ability 
to take up water, since water is constantly being removed from the 
intestine by diffusion or swelling. The theory proposed by Martin 
H. Fischer * seems to offer valuable assistance. 

He starts with the idea that venous blood containing carbonic 
acid has a tendency to swell, ^.e., to take up water; arterial blood, on 
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thr ()tlu*r luuul, has a ic*n(lt‘U(‘y to shrink or laH'oine dehjalratcHl. He 
shcavot! that tlu' art(‘ri<‘s of tho iuosont(Ty spn^ad out into a (‘ai)illary 
network wliicdi li(\s dimily under the intedijiul vpitheliuni and tauptic^s 
into the* portal vt‘in as blood containing inu(‘h (‘arhonic*. acid. Ac- 
cording to V. laMHKC’K, A. (iiiuBKU and M. J. Hamiufr(Uoh red and 
white blood corpusch^s und(‘rgoan incrcas(‘ in volunu' of from o to 10 
pea* c'cnt wlum ih(‘y (ait(‘r tlu^ V(*nous blood from tlu' art(‘ri(^s. Ac- 
cording to tliis, on{‘ liter of blood which piisscvs through tlu' int(‘stinc 
would tak(^ up 17.5 (‘.(*. of wattT (‘V(*n if W(‘ W(‘r(‘ U> ascrilu' tlu' ab- 
straction of wat(‘r to th(‘ blood corpuscle's aloiu'. I'rom tliis fact, 
i\I, IL Fise'uuH assunu's that ve'uous I>lood, so long as it is ])r(‘S{'nt 
as sucli, absorbs wat(‘r from tlu' inb'stinal mucous mcanbraiu'd 

Though th(' fatds so far discove'H'd seem so ch'arly to explain the 
l)roc(‘SS('s of absorption, wc' must not ov(*rlook Qu\ faed that tlu'y an' 
tiu' rc'sult of e'xpc'rinu'uts wln(‘h have' ne)t lung in e‘e)mme)n with natural 
taking of fe)e)d, e'te*., by me)Uth. On this account, eu'rtain obje'ediems 
have^ iK'e'u raises!, dlu' living inte'stinal wall is ne)t a cle)S('el tube' but 
one' travt'rse'el by solutions, se) that it is tlu'n'fore' a eiue'stie>n whe'ther 
many plie'uenue'na are' ue>t epate' elilTe're'ut in the' llring animal. The 
important eliscejve'ry e>f Louenu* must be' me'nt ie)ne‘el: if salt se)lutions 
of a givi'n e!e)n(‘e‘ntratieHi are' give'U by me)tith, the'y are' e'ithe'r eHFueu'n- 
trate'd (W dilutc'el se) that. the*y rvftch the inledineH in approxhndieli/ asu- 
tonic eanditinn, Fre)m a practie'al stanelpe>int, all the)se' ce)n(*lusions 
must be* ignore'el wdiie’h are' base'el eai the' pre'se'ne'e' e)f hypedKHiie*. e)r hyiK'r- 
tonic salt solutions.” Fe)r the pharmae‘e)le)gi(‘ eh'eluctions se'C' page' 411. 

Within the* inte'stine' the' e)sme)tie' pre'ssure' must vary gre'atly with 
the en/iymatic ch'avagc' e)f the' foexl, and it is impe)asible' b) unele'r- 
stand wliy at le)W e)sme)ti(* pre*ssures, salts of the' bleK)el, eir euystal- 
loid clc'avagt' products e)f albumin might ne)t elitTuse' back into the 
int ('Stint' from the' interior e)f the' boely. Ihuse'd e)n the* iim'stiga- 
tions of F. AnnKHUALonN, it is alme)st e'.ertain that e'e)lloidal albumin 
iH ree'onHtrut'tc'd from its cli'avagt' pre)eluctH in the* inte'stituil walk 
TIu'intt'Htinal wall fimctie)natt'saHaHUctie)n pumj) for the* crystallenel 
eleavagt' produc'ts of all)umin which draws a stre'am of crystalloids 
from the inte'stitial lumen in the* dire'ction of the* inb'rior of the body. 
We* may dismiss from considc*ration the* abHor|)tie>n e)f albtimins. 

* In iny opinioin Fwc'iirui's tlu'ory (ifTew valuable' aid in e'xplaining nmmm 
ifiJIm-HirH upein prtH’i'SHt'H of He*(*re'tieai anel rt'Horption. I might miggc'at that ritmmH 
tiiiirrhrtiH may bi' attnlnitenl to inrreasc*d arterial bloenl mipplv to tin' inc'm'nkTy. 
It is qihte^ natural tO' ri'gard eliarrhoaH ac'ceunpanyitig intlarnmatejry |)ro(Hwev in 
the intt*Ktine*s m a oorwcHiucnete* of the* inri’cane'd supply of arforial blood. 

^ In my opinion this do(*H neit <*x<*luel(* the' fact that wlu'n introduc(‘d int/O the 
inic.f4ltriri4, tlii’ inters! inal eamte'ntH arc unually hypc'rtemic crystalloids are 

uninte*rruntcd!y forimal m a result of dige^stion in the^ inte'siiiu^s. 
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There art' two impurfuiit fnc'ts estahlisheii l»y II. J. llAMtuitiiKii *" 
au.d (lUiARi).* Tlu‘ fornuT .slunvtMi tlm! it wiis |H)s.?4ililr tu firt'jaire 
menil>rau(‘s tl.uit wen* more |H*rmeui»lt‘ from one sitie than from tin* 
other. As a n\sult of this t*?c|H*rimt‘nt of If. J. IlAMiiriiOKK we may 
state* that (‘rystallokls puss from tlu* lumen t»f tin* iiitestini* towartl the 
|)(*ripluTy and yc*t no erystalloitls of the Idtnid may dilTiHr fuirk into 
the lunnm of the int(\stine. It remains an ojaui «|U«*stitim whether 
the small quantitk*s of XaC^ hamd in thi* hit<*sfiiti* in alisorjitioii 
experiments eonu* from the strretiun of tin* intestinal giamls. m* 
wlietlier tlie st*mipeniu*ahility of tht* int<*stiiiiil memliraiie is liiiiited 
in tfu* dinH?tiou erf tin* lutnen of the inte.Htine. 

Of tin* |i:n*at4*st gentTal imporianet* are the invi*sfigaiit.iiis of 
(liRAiin. Tin* c*ximuHtivt* theon*tit‘aI disrtis>.ion of their ha.Hi.^i ivoiiki 
lead us too far afu^ld. The following experiment is suggested: if a 
salt soluikm is suH|KinkH! in a pig‘s hladder in water, tin* rale at 
dilTusiou depemis oii wln*ther the salt solution is neutral, slii^hflv 
alkaliin* or slightly ac*kl. The* eause of tins is fouml in tin* faei that 
tin* nnauhrane is the sent of an <*leetnaniUive furee, We eoneltiite 
from this that hy changing the naietion tni htUh sides of tin* intestinal 
membrane tin* mte of etifluskm may he changed or regulated; so 
that, with an alkaline n*netk»n whieh oeeurs in the interlines, 
the* difluHion Is very stnuigly inereasisl, 

Hitln*rh) we* have* startes! from tin* assnmptiem tfial fin* infesllnal 
wall is of uniform i4*xtim‘. Tltis is not tin* ease, as a view* of a miertH 
seopk; seadion and Hunpk* consideration shows; the iiitt*t4iiie is com- 
|k>hch1 of eadls as is eve*ry «itfn*r organ, and wi* kinnv thiit cells are 
only pernnmhle for e‘ryst4illemls Pi a limited t*xteiit. Ari’ordingly, 
tlnai^ imiHt t*xist an eusk*r way for the ahsorplitiii of i*r>*stiilltii«ls ihfui 
through tin* eadls; it muni omn* inUiTrUutnrUi, It is diller**iit in the 
ease* of tipml^m^ublr nuhdunrm; they art* iihsorl*i^d intrmrilulHfhj^ 
lAf/., i*thyl id(*olnd m alju-mrlail much iintre riipidiv tfniii salt sotiitioii. 
Numerous experimt*nt4«i tif It lltinna have t*stiililislird in genernt the 
cor.rcH*tin.*tis of this vie*w. 

The e*oIItad-cln*mieal st-udy tjf intestiniiJ iihmirfitioii lias iilreiidy 
yielded results for piifimleigy, 

R MAfEiiiforEit and R PfiinnAXf,* in n of %iiltiiilile inve^i- 

tigatbns, have? testCMl the eennhtion of .^widling iiini the ahihly to 
swcdl of the normal ninl tin* patliologiriiJly cfiaiig«*t! 

They found tlnit tin* nnrmnl ami esj«*eiat!y thi' #iewl#ii/ neiuiiifil 
intmtin£ were mucli Hw<dlf*n and the !at!f*r mi iiiereie^i-d 

permemlality for erystaikiids. The dmmimliu oitfuiiirfl inirdiw, 
wdiich alreaily sliowial ii eonneetive tisHm* iitri*|iliy, Itnd a verv 
swidling capacity, sii thuf. a inm*h mort* isllorded 
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to (iissolviMl 8til>stancu‘s. OiitVule tlie body, excised pieces of intes- 
tini\ when artifi(*ially swolh^ii, showcul aii increased permeability 
it>r KCl, NaCd and di^xtrosi' mv\x as is ixBsessed by acutely in- 
flaniecl intestiiK*. Tho revt^rse oceurrcHl on partial drying (slirink- 
ingl; a diiniuisluHl {XTuunihility of the pieces of intestine was 
obtainetl eorn\sptniiding io elironic enUaitis. By m(ms of dehy- 
ilrating Hubstanees (alcohol, tannin) it was i)ossiI)l(^ to remove the 
gn^ai difTiSHSu‘e in pisnueahility bcdwcHsi the acaitely swollen and 
the chrinut*ally swolhm inteHtin(\ Sugar (dextrose), especially, 
markedly in(*rc*as(*H the |)(‘nn('ability of the intc^stinal wall. 

'riiUH, the clinical disc'ovi'ric's of 11. Finkiolstkin, concerning in- 
tix\i<*ation with sngar«ric*h inixturtNs in (‘hildnai, find colloid-clnanical 
confirmation. (An inler(\sting colloid-chemical application is the 
frealtnent of <Iinrrhens, (Specially in children, by adjusting the diet 
with i% view to IIh* formation of ijisoIubU^ calcium soaps in the intes- 
titu\ It has also lusm |H)int(Ml out by Boswohth et aL, Am. Jour. 
Distrust's of (liildn'ii, Vol. X\', No. 0, p. 397 et mi,, that the forma- 
tion c^f ( ’a soaps may inttTlVrt' with tlu' absorption of fats and account 
for ccuiain typi's of mulnulrition and milk intolerance. ''lY.] 

We must refrain ht'rt' from a rnort' (‘xluuistivt^ invt'stigation of 
ulmorptirni tfjf the ^iomaelL "riu^ numlHU* of ('xpt'rimtmtal observa- 
titms is stilt not large' and from a (H)ll()id-(du'mical standpoint they 
tio not. assist. 

It is ('stablislied, c.f/., that tlu' stomach absorbs no water (von 
Mmuxol; on ilu' contrary dissolvt'd sabsiantu's (salts, carlarhydrates 
mid albumins) above' a **et‘rtain levt'l of eontu'ntratioiF’ art^ absorbc'd 
(for bibliography st't' fl. Stuaush'’** and W. Roth and IL Straubs *). 

Parenteral Absorption. 

LIkf* ttaisi' <*ont*erning intt'stinal absorption, the stndit's of part'n- 
terii! iibsorption liavc' Ix't'n bast'tl almost (*x(Jtisiv('ly on tlu^ laws of 
osmotic fin'Hsnrt' in relation to tlu' p(‘nm*al>ility of nuunbraiu's (see 

r, FtflKtiKMANN^''). 

The c'otmtIesH difficulties W(»re only Hucc(\ssfully met with tlu^ 
eiitriiiice of Iht* eidlihcbcdu'mical vit'ws of swt'lling and shrinking, for 
ttdiich the rf'sf'iin'hes of Martin II. Fihc?ukh* pavc'd tlu' way. 

liesearc'lu's on the absorption from mvus canU\\s \uwe. Irec'ii 
iiiimi nmumniH, As n'ganls the absorption of exudoteH, the qiu's- 
tioii should h\ under wlrat ('ircumstancc's do exudab's form? Nor- 
iiiiilly tht* organism alhnvs no fluid to collect in the st'rous (‘aviti('S. 
We must, therefore, assima' a change* in the* pe'mu'ability of the 
liviiig membram* or a shrinking of the* surrounding tissue*.* 

* 8ec M. IL Fischkh, ** N(‘|)hritiH.’’ 
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On the basis of M. H* Fischer’s investigations, the latter view 
must be regarded as correct. If a dilute salt solution is placed in 
the peritoneal cavity of a normal living or a dead guinea pig, it will 
soon be absorbed. More concentrated salt solutions as well as 
solutions of the salts which cause loss of water in the case of fibrin, 
gelatin, etc. sodium sulphate, citrate and tartrate) are either 
not absorbed at all or even increase their volume inasmuch as fluid 
enters the peritoneal cavity from the body. If albumin solution 
is injected into the peritoneal cavity, very little will be absorbed 
within an hour. The tissues about the peritoneal cavity behave in 
this case just as does every dead colloid that is capable of swelling, 
and there is no difference between intestine and peritoneal cavity. 
The results are not so uniform when glycerin or sugar solution are 
injected into the peritoneal cavity. Though these have a very slight 
influence on the swelling of fibrin, they cause an entrance of fluid 
into the peritoneal cavity. Evidently they cause, as they do in the 
intestine, an irritation (see p. 323). 

The investigations of this question are not completed as the re- 
searches of L. Asher * have shown. 

A great number of marine animals have a body surface which is 
permeable for water though not for salts. Corals, echinoderms, 
holothurians, etc., swell in dilute, and shrink in concentrated sea 
water. [A practical application is the ripening ” of oysters.” Tr.] 
The same fact obtains for many fresh-water animals, especially am- 
phibia, worms and snails. Frogs never take water through their 
mouths, they ^^drink through their skins.” In the case of these fresh 
water animals there occurs no swelling during life for the kidney 
excretes the excess of water. The skin is also permeable for lipoid- 
soluble substances. The skin of warm-blooded animals is different 
from that of cold-blooded animals in that it is almost impermeable 
for water and allows only lipoid-soluble substances to pass through 
(W. Filehne* and A. Schwenkenbecher*). 

From what has been said, it is evident that a whole group of 
factors such as rate of diffusion, swelling, osmotic pressure, play a 
part in absorption — and we shall observe the same for secretion — 
and that there are many gaps in the experimental data which sup- 
port these views. 

The "undoubtedly active role of adsorption has not been touched 
upon; and it is possible that the negative phase of the blood pul- 
sations may have certain importance through its suction. Some 
phenomena regarded as filtrations, for which the pressure in the in- 
testines seems somewhat too slight, may be explained by a pulsating 
loss of swelling (dehydration). The alcohol question received a new 
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light from colloid studies. We saw on page 70, that gelatin swelled 
more in weak alcohol solutions, and we know, on the other hand, 
that strong alcohol causes shrinking. Thus we may possibly ex- 
plain the favorable action that small doses of alcohol have on the 
absorption of nourishment. Some day, chronic alcoholism may pos- 
sibly receive a physico-chemical explanation from the change in the 
condition of the body colloids, whether albuminous or lipoid. 

[W. Burridge has offered what seems an adequate physico-chemical 
explanation of chronic alcoholism. Quarterly Jour, of Medicine, 
Vol. X, No. 39. In the alcoholic who “takes a little, often,” the 
adrenin-like action of alcohol predominates, and there is an improved 
utilization of Ca. To accommodate for this the Ca tension of the 
blood is diminished so that when deprived of his drug the circulation 
of the chronic alcoholic is like one using a perfusion solution containing 
an inadequate supply of Ca. This accounts for the acute circulatory 
symptoms upon the withdrawal and possibly for the tremor. It also 
accounts for the increased anesthetic risk, if the accustomed Ca 
tension in the blood is below that which is adequate to maintain the 
circulation in the presence of a percentage concentration of anes- 
thetic usual for anesthesia. A similar colloid-chemical explanation 
based on this work of W. Burridge may be offered for other drug 
addictions. Tr.] 



f'HAi’’rF.R X\'. 

SECRETION AND EXCRETION. 

(Hti' Xlll, *rh«'' 

The Glands. 

Thk lynipli nmi blmHt rurriitt inti* t!ir glitinlH, 

whi*n» thi‘y iiuMlilini in a >i|>i*ritir inHnisrr. Tin* rr^iit! uf thiiH 
action tli«* si*cri‘tion wliirli jMair?^ Iroiii ihr ilnrt?'^ of tin* 
variciUH glanil^. 

The cause of «‘crt*iion is one of the uni’ll iliTiiitrd ut |i}iy:Hiolo|^« 
irid {|UeHtions, Xun<* of tln^ tjhwHi eolhiitiH hit fimnil in fin* *H*cre« 
tiouH, Init the rrynlidloid.'^* which ar** id^^o eiiiitaiiti'sl in the 14«N»d, 
occur in ahundance. Tin* froe/unu iir|iri*Tuoii ^w'vh us an iilea 

of ilu* Uitid crysfatloii! content. shown ihai the rry^Ualloid 

eonient lexprcHHctl in iisiinHie }irt*HHurt*i ot tin* ^mlim is aUvays lower 
than that tif tin* hlotnl; iheosnnitie pre^rstire of ipiHlnr jairr and hdr 
may equal that of tin* t4*Hwt; mdk has np|ao\nnate!y the same 
OHniutie pressure as t4ooi! and Ihn’tuateH with if m this n^Hpi^ei. 
Sttrni arul espeiaally nriaiMin the eontrary. mav lallitu havi* a lower 
osmotie pressure than tin* }4 «mmI or exeeei! if. It rireretion wiu'e on/i/ 
an ulirafiltniiioti of the IiIiwmI throuuh tin* inland filters, it woultl he 
incompreheiiHihle how an cjceretion could iM*rur tvith a haver iHinotic 
prcHHurc than tin* hhanh or with one that U liivdier, m sweat and 
uriiu*. The (’onditionH are es|M*ciiiliy coniplieiifed hy riMison of the 
fact that tin* relative crystalloid content i»f viiriotis seta*i*tioiis nifiy 
he iihsolutely diflereni from what they are in the hlomi phismin 
*’1 hiiHi for instiiiii'e, milk contains from -I to o fier cent milk siiv^iir, 
wherims flic hlood shown only from tlffH tu HJ2 fier laiit rtnijn* suniir; 
urine contains dis|miportionately inori* urea thiiii otli**r nallH. whernis 
the amount of urea in the !4ooii is entirely iiiMi^nifieiint, Wr fhiis 
find, hesidcKprofineinic s|a*eifie Huhstanre-H ?hile, fn-psim plvaliii, etiM. 
that the iinhviduid gliindH have a orlirili/ m rehitifui to the 

lyttijili erystathtids, which ?^iine l»ioh>||is1.s evr*ii tiedav firelrr to iissi^qi 
to the iiu*%plicfihlt* pltysioloi^ical functions, and ikm to niiiove it 
froiii physical aiitl clieiiiical study. As yet rolloid r}iiuiii.^4fv Ine^ ini 
better eiptfiimtioii to ofler. However, if serins prulmhlr to tuv that 
wc^ Mhiilh with it-H help, eoiiie to a Hi4ufion of thiAHe i|tiesiioiis, 

tim 
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W(' may assume that various c‘olloi(l-tissu(' elenumts differ iu tlieir 
ability to absorb diUVnmt (‘rystalloids which they rtmiovci from solu- 
tion, just as hlK*ra rcmiovc^ dyes, aud that tluis a diffenmt (^ompositiou 
is p:ivt‘U to ih(^ ultrafiltrate. Tlu^rc^ is ampk^ reason to believe that 
c*ert4iin crystalloids urc^a, uitni,t(‘s, etv.) open tlu^ paths through 
tln^ (‘olloicl memi!)nuu% whil(‘ others (c.f/., sulphates) elosc^ tlu^m just as 
was shown iu tlu*ir diffusion exiKU'iments with jellh^s by IL HociinoLi) 
and J. ZiiccJLKR (see p. 55). Sid(‘ by side with this occur tlu^ specifut 
c*hemi(‘al activitit^s of tlu^ gland elements which giv(‘ tluan tlunr i)ar- 
ticular charactc^r, tlu^ formation of jdyalin in tiu‘ salivairy glands, 
aiul of bile in thc^ livcvr, (‘tc. 

E. PitnniAM has formulabnl a th(K)ry lua'ording to whicdi there 
first occurs a coagulation of mitritiv(‘ matc'rijd (gratuffe formation) 
in the gland ecdls, which is follow(‘d by sw^elling, /.c., scK^rcdfon.^ 

With tht‘ abovt^ sydeniatization of glandular fuiud.ion, w<' may olv- 
tain an <‘xplanation of a numb(*r of [)ro(‘(‘HH(m, and w(^ may learn how 
to study tlH‘ rt‘maind(‘r. shall, th(‘n‘fore, regard every mmiion 

m an ultra Jilt rate wlumt eonipoHUion in changed hy realhsorption and 
Hpecijk ddHarptioHy and h) whicdi, in tlu' case of niost glands*- (c.f/., 
salivary, pancTi^as, livc'r, cdc.), spe(*ifi('d chemical products of glandu- 
lar indivity an^ mld(‘d. In wliat order tlu^ changes by adsorption 
and ultrafiltration o(*(*urH nanains for th(‘ pn^sent an o|Km (pieytion. 

The prc^st‘uct‘ of free wab^r is an esscmtial condit ion for tlie ultra- 
filtration of tlu^ blood. This applit's only to tlu^ glands. As was 
inentiontHl iti mon* (h'tail ('ls(‘wh(‘r(\ w(^ may assume witli Maiitin H. 
Fismimt that viuious blood, ric.h in (Th, abstnaits wab^r, wlK^reas 
art 4 nial bbsHl <‘an rek^ase it. We now know that all glands an^ 
plentifully «u|)pli(Hl with art4‘rial bhxMl ho that tlu' fr(K‘ wab^r neces- 
sary fcjr ultrafiltration is Huppli(‘d. 'riu^ influtmcs^ of the* pulmitkms 
of i»lcHKl pressure, iiotiMl by II. Bnmtnou), is considtu'tHl on pag<^ 332. 

* 'Mimy authors distinguish betwoon Hcrntmi md exmiian (urine, sweat, 
etr.l: wlicrciw the foruuT C4>ntiun cudlowlal ingrmlwmtH, tiny are more* or lew 
eomiiletely al»H(nit fmui tin* Iatt<*r. Since tluTt* i.s no esHtuitial tUfTenmee wc Hhall 
lait Htrictly cnferct* tliw claHsification. 

^ It (amnot he tlenied, that the c(mmdcration of the (ligvHiwe glandn from this 
view|wiint t^lTern very ecamideralde diflicultu^H, their funetion m cantrolltHl 
to a very great extt*iit l)y mm»m intlu{auu‘H. 'the* glands which arc* !U)t dirc'Ctly 
under the c’untnt! c»f the* nerveu.M .^y.Mtcan, c.f/., the* kidneys, give* cl<*arer pieduivs. 
Since we knew ilial- tluTe* in an <*%<*e*i^ of wate*r in aH’c'rial HIchkI and that vcaious 
td{««i wat<‘r, the* nervenw control of He*e*re*tion hi#e‘,oinc*s a working hypothc'siH 
4tr a! leiwt the* e|iit*«tion l)e*cfane*H Hlnft4‘d, and we* nuwt inve*Htigat(,! thes cffe‘ct of 
nervoiw inlluene*e\H ein the «upply ed bleKnl to the* glands. 
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The Saliva. 

Under normal circumstances, 700 to 1000 c.c. of saliva are secreted 
daily. The amount of salivary secretion is largely influenced by 
the amount of water contained in the body. If large amounts of 
water are taken, the salivary secretion is plentiful, whereas, with 
diarrhea, profuse sweating and fever, it diminishes greatly (dry 
mouth). 

Of all the secretions, the saliva has on the average the lowest 
osmotic pressure; its freezing-point depression is from 0.11° to 0.27° in 
man, in contrast to blood with from 0.58° to 0.60°. If the excretion of 
saliva increases, there is an increase in the crystalloids contained and 
to such an extent that when the secretion is greatest it almost reaches 
that of blood plasma; it then contains 0.58 per cent NaCl. The 
fact that with increased salivation the carbonates are proportionately 
increased in the saliva, strongly supports in my opinion the role of 
ultrafiltration of the blood plasma in the secretion of the saliva. If 
the NaCl content of the blood is increased, that of the saliva also 
increases, and conversely (J. Novy, J. N. Langley and Fletcher). 
If potassium iodid or lithium citrate are introduced into the cir- 
culation (J. N. Langley and Fletcher), iodin or lithium may be 
demonstrated in the saliva immediately; whereas, after introducing 
grape sugar and potassium ferrocyanid they do not appear in the 
saliva at all or only after a long time. All these facts support the 
view that the chief process is an ultrafiltration. The last-mentioned 
experiments, especially, show that potassium iodid and lithium citrate, 
which diffuse rapidly and open paths, appear in the saliva promptly, 
whereas grape sugar and potassium ferrocyanid, as a result of their 
slowness in diffusion, penetrate the filter membrane slowly, so that 
meanwhile they may be excreted in other ways. For the two remain- 
ing elements in the function of the salivary glands, the change in the 
composition of the ultrafiltrate and the addition of the colloid con- 
stituents, we have as yet no experimental data. 

The Bronchial Glands.^ 

An analysis of the individual functions of the secretion of the 
bronchial mucous membrane has proved hitherto entirely impossible. 
It is an indication of ultrafiltration that with an increase in the 

^ Martin H. Fisher with justice questions why the secretion of superfluous 
water commences in the kidneys instead of in the lungs, since by the change of 
the venous blood rich in carbonic acid into arterial blood, water is actually 
liberated. He thinks that water is not secreted in the lungs because of the im- 
permeability of the membrane, or because there is insufficient time. 
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scKTction, there is an increase of the alkali carbonates in the mucus, 
which like all alkaline substances fluidify the mucus colloids, 
espcHually tlu‘ miu*in. '‘I'hc^ utilization of potassium iodid as an ex- 
|)tM‘turant may \h^ similarly iiderpn^ted; possibly it also favors ultra- 
filtration in the s(ms<‘ of It. BKeiuioLD and J, Zikcjlkii. Moreover, 
R. Houhu upon applying* iodin louud an increase^ in tlie ciliary move- 
ments in tlu‘ ciliat(Hl (‘pitluhium of froR-s; this increased activity 
may assist in the dis(‘hara'i' of mmnis. 


Gastric Juice. 

1110 daily (‘xtUH'tions of tlu» stoma(‘h amount from 1000 to 
2000 c.(^ 

As lias he(m imaitiomal, the osmotic pr(\ssure of the gastric juice 
usually is /c.s.s than tliat of tlu‘ blood, au<l according to H. Stiiauss*^ 
it uornuilly has a fn't^zing-point d(‘pr(‘ssion of from 0.30° to 0.48°. 
Pathologically it. may rise* to 0.58, which is the fnu^zing-poiut depres- 
sion of th(‘ l)loo(L It is of (‘sp(‘cial iut(‘r(‘st to know that in those 
cas(‘s wlu‘r(‘ osmotii* pnnssun* approa(‘h('s that of tlu' blood, accord- 
ing to H. S'ruAi'ss, fnr IK*! ns umuillij absent These observations 
have* bcHUi (’onfinm‘d liy otlun’s (Winticu, B. Bohonboun). This 
fa<*t of itself would indicate* that in a stoma(*.h where the second 
glandular function, the* modification of tlu* ultrafiltrate, is arrested, 
tilt* composition t)f tin* gastric juice is more likt* that of the blood 
(*rystaIloids. \Vt* t'anuot omit to numtion that another fact is 
oppostnl to this: in normal gastric* juict*, tlu* NaCd content is nearer 
that of the blood (O.aU per c<*nt) than in subacidity. Unfortunately, 
I know of no adtHpiatt* data upon pure gastric juice from a subacid 
stomach, so that for the pr(*s(‘nt tin* iut(‘rpr('dation must remain 
iiuh'tinite. 

Tin* secrt'tion of a juita* with free hydrochlorit^ atnd from a neutral 
fluitl, tin* blootl, is oin* of tin* problems width olT(‘rs especial diffi- 
{*ultit*H to physiologists. An attt*mpt has b('(*n math* to exidain the 
phcaioiinmon by t in* law of mass action with tin* help of carlionic acid. 
Ill my opinion (‘olloitl cln*mistry otTers analogic*s which pcninit an 
unfort*t*d explanatitm. Wh* know that neutral sails 7nay he split into 
aeiiln and bases by adsarpiiim (s(*<‘ p. 28); thus, for instanen*, an acid 
fluid with free sulphuric acid r(*maius aft(*r shaking a solution of 
jHitassiurn sulphatf* witli hydrattnl mangaut*s(‘ dioxid (J. M. Van 
Bkmmki.kn). With tills in mind we need not In* surprised at the 
splitting ofT of free IIC1 from a solution of thlorids. 

Thv Ht*en*tion of gnstrit* juict* is analogous to tlu^ seertdion of acid 
liy iiliint rotilH, whieh, aoimrding to Baumann Gully, likewise occurs 
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by decomposition of salts through the adsorption of bases by the 
pellicle of plant cells. 

Investigations of gastric secretion, as far as they relate to physical 
chemistry, have hitherto almost exclusively consisted of observation 
of the osmotic condition and the electrolyte concentration; the ma- 
terial for review is consequently as yet far too limited for a colloid- 
chemical consideration. 

The Secretions Which Pour Into the Intestines. 

There are 200 c.c. of succus entericus daily secreted by the in- 
testinal glands. 

The Succus Entericus is usually hypertonic. If we inject into 
an animal (D^Errico, chickens, D’Errico and Savarese, dogs) a 
hypertonic common salt solution, the osmotic pressure of the succus 
entericus becomes still higher so that its freezing-point depression 
may increase to from 0.89° to 0.99° (blood = 0.59°). This corre- 
sponds to our conception that an ultrafiltrate may be concentrated 
by the absorptive activity of the intestinal wall. The succus en- 
tericus, like the pancreatic juice which pours into the intestine, 
is almost neutral. The OH ion concentration is about 10“^ at 18^^ 
according to Auerbach and Pick. Its alkalinity is approximately 
that of a sodium bicarbonate solution. On account of its higher 
sodium bicarbonate content, pancreatic juice has a greater capacity 
to combine with acid than has succus entericus. 

According to H. Iscovesco the colloids of the pancreatic juice 
are electropositive; they form with the electronegative colloids of 
the succus entericus complexes soluble in a neutral environment. 

The Bile: 600 to 900 c.c. of bile are secreted per day. 

The osmotic pressure of the bile is approximately that of the 
blood; its conductivity is somewhat higher. According to H. Isco- 
vesco,^ 2 the colloid constituents of the bile probably have an elec- 
tronegative charge. 

The Kidneys and the Secretion of Urine. 

(See ajso p. 409 et seq., on Diuretics. '9 

We shall briefly review the structure of the kidneys of vertebrates: 
the renal artery branches and in the cortex or outer portion of the 
kidney develops by the formation of numerous glomeruli an enor- 
mous surface (Fig. 50). These are knotted ball-like branches of the 
smaller arterial vessels placed in a vesicle (Bowman^ s capsule). The 
artery leaves Bowman's capsule, subdivides into capillaries which 
collect together and form the renal veins. Bowman's capsule has an 
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oniM into thv urinary tuhulos which have, at first, a convo- 


luteti (»ourH(^ covcu’chI with a thick 
largta* aiui lurgcu* tuhuh's (Fig. 
al), which ultimattfiy tlis<‘harge 
iht^ uritu^ into tlic |H‘lvis of tiie 
kidney. 

Tlic pluaionuaion of urinvmre- 
lion cMHiHists in st'pa. rating water 
and crystalloidH from a solution 
containing colloids and crystal- 
loids (hlood), tlanigh, usually, 
in a nuicli hinhtr cofurntmdon 
anti with a dilh^nait proportion 
of crystalloid constituents than 
(H’curs in tht‘ 1)1 o(hI. 

Without gcung into t!u‘ vari- 
ous tla‘ories of xmiw iecn^tion, 
wt* shall hiUH* sketch tliosi* which, 
from physicjlogical and patho- 
lt>gical investigations, staan most 
prohalh*. Ac(‘c»rding to tliis ih(‘ 
glomtTuli liivajilinitittn (ippontlnH 
in wliich water and crystalloids 
iilti*red off while tlu* collouls 
arc held hat‘k. hVoni this ultra- 



Kiti. f4l. Ciltiiarral’ir structure. 


layer of cells and collect into 



51. Diagram of urinary drainage 
from Bowman’s capsule. (From (k 
Ludwig.) 


filtrate which c«»iitainH tin* crystalloids in no highew (‘oncauitration 
tlian IiIckkI, later, lamsildy in tin* first |M)rti()ti of tlu^ urinary tubules, 
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water and some of the crystalloids are absorbed, so that a concentrated 
solution, the urine, passes off. 

In order to give an idea of the quantities of fluid which are in- 
volved, the flgures of H. Meyek and R. Gottlieb * are reproduced. 
The blood contains about 0.6 per cent urea, the daily urine about 
30 gm. There must thus be about 50 liters filtered through the 
glomeruli and about 48.5 liters reabsorbed by the tubules. Since in 
24 hours from 500 to 600 liters of blood flow through the kidneys, 10 per 
cent of the water of the blood must be filtered off. This is not at 
all improbable when we recollect that the afferent vessels {vas afferens) 
have a much larger lumen than the efferent (vas deferens) • 

The filtration processes are relatively the least difficult to explain. 
The criticism until recently offered that no filtration could occur 
through homogeneous colloid layers has been disposed of by the ultra- 
filtration experiments of H. Bechhold.*^^ It must not be insisted 
too strongly that the phenomenon in the glomeruli is a filtration” 
since it is evidently a process midway between filtration and diffusion. 

As in the case of every other ultrafiltration, that in the kidney is 
dependent upon the pressure. According to E. H. Starling, it 
begins with an arterial pressure of at least 40 mm. mercury; below 
this the secretion of urine ceases. In blood artificially diluted with 
water, a minimal blood pressure which just maintains the circula- 
tion suffices for the secretion of urine.^ R. Gottlieb and R. Magnus 
showed this by permitting normal saline to flow continuously into 
an animaks vein. According to Goll the urinary secretion rises 
and falls almost proportionately to the blood pressure. The experi- 
ment of D. R. Hooker* furnishes a result in point. He found in 
the isolated dog's kidney, that with a constant perfusion pressure 
the quantity of urine formed was directly proportional to the size of 
the (artificial) pulse pressure. The pulsation of the blood pressure 
plays an important part in the rate of filtration, H. Bechhold *^2 
compared the amount of fluid which flowed through an ultrafilter 
under constant and under pulsating pressure, and found that in the 
latter case the filtrate was considerably more than in the former. 
We may imagine that with the lower pressure the filter absorbs the 
fluid completely and it is pressed out again with the increased pres- 
sure. This depends very much on the elasticity of the ultrafilter; if 
it can follow the variations in pressure very rapidly, the rate of 
filtration is higher than for an inelastic filter. Perhaps this will 

^ I cannot agree here with Maktin H. Fischer (Oedema, p. 209.) He says, 
“Enormous pressures are necessary to filter fluids through thin colloidal mem- 
branes.” This is not correct. With suitably prepared thin collodion membranes, 
a few centimeters of pressure suffice for ultrafiltration. 
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givt‘ iLs the huKis U)v an uudcTstaiuliug of cortaiu changes in tlu' 
tuuetiou oi thi* kitluey in patliologu^iil and s(‘uile (‘onditions, in wiiicli 
the filtering nu^iuhraiu' is im^lastie. From what has been said it 
eannot bt' ruled tnit, that iweu in glonuanilar filtration a change in th(‘ 
salt (‘ontent of tht‘ fdtrati* from th(‘ blood may occur, since salts and 
wutfi* an' ntit taken up <‘(iually during swelling ts(‘(‘ p. G9). We can 
thus more readily uudt'rstaud how a Siilt solution hypotonic towards 
blood may flow from the glonuu’uli, although according to R. Burian 
an i\soiiniic filtrati' is always obtaint'd upon ultrafiltration tlirough an 
artificial ultrafiltia. Mort'ovtn*, the difTenuK'.e in the naudion of 
blood amt of glomt'rular filtrati' may contribute to the dilution. 

H. A. (iKsnni/ made' a nunarkubk' observation. Repeating Bwen- 
iioLtfs ('xpea’inumt ht' ('inployt'd more' ra[)id pulsation and lower 
prt'Hsuri' and obtaiiu'd from deflbrinatcal dog’s blood a filtrate richer 
in glolmlin with tlu' sti‘ady than with the pulsating pnvssure. 

t)bviously, thc^ glom<*rular mt*m)>ran(‘ is just at tlu^ limit of permea- 
bility for serum aibumin; albumo.se's pass over into the urine. We do 
not know whidhm* the normal urinary colloids such as urochromc are 
derived from the' gham'ruli or s<‘(*ondarily from the urinary tubules. 

This e'xplanatiem reec'ivt'S valuablt' support from tln^ invc'stigation 
of Martin H. Ktsennu.^ As W(' saw on i)agc‘ 215 ct mp, there is in 
the body a ilynamie swelling e'tpiiUluTum for the organ colloids wliich 
may ht* reganh'd as {*onstant for a hru'f pc'riod in thirsting individ- 
uals; in th(‘m (ht‘ st'cndton reaedu's a minimum. With (‘xet'ssive 
ingt'stiou of watm\ cHhana do(‘S imt by any nu'uns occur, but tlu^ (‘xcess 
of watt'r is excreted by tin* exendory glands, ('spt'cially tlu' kidneys. 
As we itave .4(*cm tm page 220, then* is a V(*ry narrow rangT of swelling 
for the liloiMl; as the ivsult of this all water (fr(‘(* water in (*ontrast 
to water of swi*tliug) which is in <*X(’t*ss of what is uec*d(*d for t he* normal 
cimdition hydrathm of tin* blood is filter(*d oil by tlu* kidiuys, 
e^^iircialty if the mus(‘les, the main r(*st*rvoir, an^ alnauly saturated 
with water, A itmst c*onvineing proof that it is not the* absolute 
i|iiiaittty of water but the swtdlt'U couditiou of the* blood colloids 
wliich is of mgiitficam't* for the sten'Uon of urint* may lx* found in 
the oldti* expt'fimiUitH of M. IhiNFR’K and the* mon* r(*e(*nt oiU'S of 11. 
XlAONeH,** Hiese investigators iransfust'd a rabbit with the blood 
of aiiothiT rabbit so that its blinxl was iueri‘as(‘d from 30 to 70 per cent. 
In spite of this there tio iu<*rease or hardly any iniTtaisc*. in the 
excretion of iirtm*. I'hc same results wen* obt.aini*d for dogs and lats. 

11ie novel com*eplion iiitrotluec'd by M. IL FiH(!inoR* is the fol- 
lowing: hhoil neh ifi C’t), (venous) ban n tendency to moell, or abnorh 
ir.iPr: iihmd pmrr In (’tb farterinl) has a tend(‘uey to shrink or ijivc 
up mitrr, 11te blood, passing to the intc'stim's is V(*ry rich m (1()2 
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lyiti, ryiiHi*t|iifiitiy, wulrr ir*iiu ihv iiitr^tiiiiil ftiiirtiii,M iiiiin-. 

hniiit% rjiiiHiiiK liUmirptiftii frniii th«* rtir rrvrrmt 

prartsH iMTU,r,H in tlir* kitlin^v,^. m** trm vrs%%l |i> |f,rrii! hIii'iiiiih 

iif arit^rial lilnwl wliiiii vmt ^ivr up %V'iiirr. !l ilm immmptum k 
eorrtTt. r\wy iiirrriim.* in llir ^mijily nl t** ili*- lailiiry-H in- 

rriwi'H iirtnr ami wvry inU^rUmnwr tlr'f'rrii.H4^?4 it. Xnw, 

i*vi*ry uf liita«i |irt*f4i4uri^ lynl rvrrylliiiig faviirini^ iln* 

rirrulalbii in tht^ kkliit\VH .Hignili^'H iwi iiii|triiviiiiriil in llir 'HiiiiiiIv 
iif nxy^iiuiiitl ikn* rrmi* W** tanrm'-rr, i%1ii’*rtn'’'rr ttiin tM^niw* 

jtiHt iiH wrll iitlribiiln ilin in t-b** ui iiniir* In ilii* 

rliiui^ntl liliraltnii nr rai«' at ftilrnlnin, t>ri wt^ 

iiiiwt \h If. tt'liirh 

alwiiyn an nn|irn'V»niiinil ur mipmmi^ntt m tin* '^tinfily ttf 

nxygint Aintiiig ilinni k, hlin»*l inmr m myi^ru m ririi in 

riirhcitik* ariil mipjitiml Pi lla* kiiiiiry*! Inr I Ip* firriMfl mnl 

wiihiHit i»vi*n tin* Hlighirtii itiHlnri»an*'t* *k ihr rtmikitiiim 
iH iniMinc|tiatn ti» tiibiitiiin fvm Ikir I hr lirirfi-Hl fifriiwi n miriinil 
HiHTiiiiiii nf nrint* l»y Itm kklm-VH/* iin iln* uitn-r limisl, liirrr nrr 
irturnlinii wlitrh i*aiii4i* iiii nf tiriin" tliiiiiiili iimnrijiii* 

IlitHl by till rhlWIf^p in btunil iirrH.’-^nrn.- II- l‘4>ni:||;|| ||||rr|ril 

hyiwinnkt miliitiniiH ilf varknM u4ilririil brniiiiii iniiiik 

Hulphak% ami riinitri mni nbiiniini ihrin ari 

innrnaj4iHl kklnny wbinti Mtiwiii in ii rrrtaiii i*i tin* 

lyntmpir imtkm of ilin .hiiIIm invnlvinl, -M. It, «*\plii.iii**» Iih 

by tin* furl tliiil tli«^ Hiilin itiv*»lvi*«t art bv ^brinkinn or ilr- 
hydmiing tlin lintly roIIokK ami tlina inrr»*ii.^iiig llir nuantitv of tlir* 
film or liltnniblo wjilnr iiMn K. Fiikv *h Siiicar*«, r»4|ii,aniit!y 
doxto»i% lift fiiiiiiliirly, M, IL Fmnii‘;n iiinl A. 
tho thifrti liiitl of 

Homo tlinroik*!^, for iii,?4||iiiri*, umi, im rirnilntitm 

of liliM.Mb yoi Hf-ill iiirroiiHi* llio kkliiov fi,»i J. 

iiiitl llitooiK Hliowial. llib baa nm^at aa nn 

ilio tliiHiry of fitiratiom fit toy iijiitikifi ifn* otiiliiitiitioii i-h iniltiw-^; 
uroa obvioimly of tip* mllniiF m tli** 

kic,Iiii*y filter* Wo know from M nitd til'i tlifit iirt^n lowi-ra 

tho molting initnl of gobitin, floorois.*^»ii ita rnio of Muliibfir-iiiitin mni 
fiwilitekw fliffiiniiiii tlirmigh golmtim All ttirar furtori* firiMlnrr ii 
roiniiim filioriibility of ttn* wiitrr of Ibo IiIimmI iiioI ii |>or- 

mi*tibi!ity tif ifio rtmnt filtor: kt witiil o^liml tin* rriil»’«irjititiii of 
wator m inllnoiioofl nnmot In* ilofoibal 

Tlw oirKmimoiiln. of !v Lau^ and A. XiAtpm* mmn iiii iiil«!ilitiitnl 
factor in fiivor of tin* filtriif ion thoory* 11ioy loatril lii^ rriiitifUi^iip 
faitwoiiti tlio imtmiiii of ttio tilmHt aiiif ilinroaia. Tlir ftilliiwiiig 
tables defiiiikdy filiow tlnit math tho tiiniiniiliini of frirtiini. ftto 
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(H!n1iou of urine inercnuseH and (‘onverncdy. Though the relationship 
4 not as evi<huit in the second (experiment as in the first, it is still quite 
[(‘tinite. 


Anttiunt 4>f urbitt 

ui imi luiuuttKH. 

(5(»®nunont of friction. 

i\e. 


4.5 

12.5 


Inj(ection of 20 gni. (‘uik' sugar in 40 c.c. wato: 


Aiiuncnt of urine m'rcUHl 

In tiiin j»inut 0 'i. 

Ooeflkuent of friction. 

c.c. 


in 

8.90 

10 

12.14 

2.5 

14.89 

1 

i 

14.71 


Injet’tion of oO g!n. eatu* sugar in 100 c.c. vvato: 


/VtioMint of urim* MTMtncti'Kl 
in ton iuitmto’4. 

('o«nicient of friction. 

c.c. 

S 

11.59 

5.5 ! 

10.17 

1.5 ! 

11.75 

0,5 

15.92 


(Tlue cluncte (if HU(*ros(‘ for (»xp(‘rinu‘ntH is unfortunate since, as 
VI. IL Fischf.u and Woooyatt hav(e shown, su(*.ros(e. d(ehydrat(\s and 
ifTers fnn* wattu* to llu‘ kidiuw. (}(‘Iatin and gum arabic raise the 
eoeflicictit of friction without incr(‘aHing uriiue asSTAULiN(j has shown. 
Hit re is conHtH|ueuily no foundation for tlue conclusions of Lamy and 
VlArKii. Tr.) 

The Concentration of the Glomerular Filtrate. 

TIm» filtrafi* througli thc» gloni(*rular (ilt(‘r probably shows a (xmccui- 
l ration of crystalloid constitneuts not nuicli dilTcrtmi from that of the 
[clood plasma, altliougli a cmlain H(4(Hdion and nalistribution in the nd- 
!ittve jiroportion of the crystalloids by the nnial {ilt(‘r is (joiuxuvabka 
The blood shows a tleprtwion of the frta^yang point of about 0.50®, 
wta*n*as tlie urine of man in health may vary laTwiam 0.07® to 3.5®. 

For a urine of higher osinotie pres.sun^ than the blood, th(‘ filtration 
theory iiiUHt look for support to the* assumption that water must liesub- 
waiuently withdrawn from tluMliluttai iiltrate in tlie firet portion of the 
ttriiiary tiibu!t»s. Olie invest igat ions of J. I >fmooh scaart to me to b(^ of 
especial iiii|Ka1iinee for the assum|ition of a Hubscapumt (diang(^ in c.on- 
eeiitratioii in tlie urinary tubules. This author p(‘rfus(*d hypotonic 
iiitti liyfierlonie Halt Holutions through thi* naial artery and while he 
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measured the variations of n^nal vtjlunit* in a plt^tliysmoi^raiili, hean- 
aly 2 ;ecl the fluid (‘ominii; from tlu' rtmal passages for tln^ mmv iimt*. 

The kidiu^y |H‘rfuH(‘d with a hypotimic soluticm is firm and imh\ 
no fluid is exprevSS(‘d witli pressuns the* ('ells an* so s\vc>llfii that the 
lumina of tht^ urinary tuhulc*s an* almost oei'lnded typieul swell- 
ing;. Th(‘ Iddm*y perfustni with hyp(*rtonic* stilution is large and noft, 
much fluid is t*xprt*ssed by pn*sstin*, tlie cells an* shninkeit and the 
tubules patent -typical shrinking. (See ak» H. Sn:iiKc*ii.) 

In the light of Martin H. Fis<‘iir:ii\s tln*m’\% tin* f*xpIiyiation tif 
the concentration of the urim* and the tubules becoini*s Hiiiiple. 
W(‘ ikmhI only recall tliat tin* tubuh*s an* interwov«*n with eapillarifss 
containing venous blood which reabsorb water, dliis ettneept ion is 
su{)ported l)y tin* (‘Xp(‘rirnc*ntH of H. (hrmuKii and H, Maoni s* as 
well as of M. H. Stauijno,^ who ftaind a diminish«*d swelling of 
the organ wh{*u tin* sup|)ly of blood to tin* kitlneys was diiniiitshed, 

ThegTc*at(*r eou(‘(‘ntration<jf tlie uriin* is not tin* only faet ret|uiring 
an (*xplanation, but also tin* fact that the n*tative pro|MUiion of tin* 
individual (‘rystalloid lngn*dh*nts is di)Terf‘nt in the uriin* than in the 
blood plasma. (A, li. (hiHiiNT in his monograph on ** The Secretion 
of Urine/’ 11)17, divides tin* eonstitumds of tlie |dasmu into Hirrshuht 
bodies and NonthrvHliald bodies, l>t*xtros(*. ehlorids juni sotlimn iiii* 
excreted only wlu*n tln*ir eon<*entration in the !»lood exeeeds a <*ertain 
definite or thrc^shold p(*r(*(*ntage. Urea is an instanee iif a substance 
witli no threshold. Ac*(‘ording to Ammaru ( Presse Medieale, April 25, 
1918), tlirt'shold suhHtaiu‘i*s are tn't’essary for cell life. Hr i|UoteH 
C'habanirr’h n*sc‘areh showing that nontlin*shold substam^es ha%a* 
a common Hecr{*tory constant hir eaclt individual and I hut they all 
seem to be Holvt‘ntH for fats. Tr.| 

Though in tin* hliKHk 75 pi*r ecait of all crysfalhads are iiiiirgiiriie 
molecules according to J, liroAUszKV ami K. TAXta., in the urine they 
comprise only from 47 to 99 pt*r cc^ntiu’etirding to J. llri#Aics/,k v, Itirrn 
and Stkyrkr. In tin* hlooti plasma,, C).5K per ar«* XiiM, 11.115 
per cent un*a; in tlu* urint*, on tht* contrary, ttn* average aiiitiiint of 
NaCd is I pc*r c(‘nt in the prc*Hence of more Ihitn 2 per rent of urea; 
in the* blood th(*n* is from 9.(18 to 9. 12 |M*r rent gnijM* sugur^ luif. unly 
traces occur in the urim*. As has betm .*Haid. it. is entirely |iiiHsil.ile 
that (*ven during filtration cc*rtain elmitges oc*eur» so thfit the relafit^ 
pro|K)rtion of crystalloids evt*n in the glomerular filtrate dilTers fr an 
that in the* hlcK>d plasma though tin* most inii.«trtaitt el.iiiiige results 
from tlu* rt'absorption of watt*r in the first portion of the lubiileH. 

That concentration may !>e brought about by swelling has already 
lK‘(*n sliown in tlu* clitssieal example of (*. Lrnwio niimtiniied on 
page 99. Ho much waiter may lie withdrawn froiti n eoiicmitrnleil 
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common salt solution by a fish bladder that salt crystallizes out. 
From the investigations of F. Hofmeister and Wo. Ostwald it may 
be concluded that the swelling of gelatin-jellies is favored by some 
salts in accordance with their lyotropic action, while other salts dimin- 
ish the swelling (see pp. 69 and 70); in other words, according to the 
nature of the dissolved salts, more or less water may be removed from 
a solution by the swelling of jellies. The extent to which the individ- 
ual ions in mixtures of electrolytes may be more or less concentrated 
in the solution which remains after the swelling has received as yet no 
satisfactory experimental study. But even Ludwig sought such an 
interpretation and sought by its aid to explain the proportionately 
greater excretion of phosphates than of chlorids in the urine. 

Lagergreen found a negative adsorption with charcoal and 
kaolin in solutions of chlorids of Na, K, NH 4 and Mg; in other 
words, there resulted a concentration of the solution, whereas nitrates 
show a positive adsorption; in the case of sulphates the adsorption was 
partly positive and partly negative. F. Hofmeister in the case of 
gelatin found that the absorption of water and of dissolved substance 
proceeded independently of each other, that the absorption of water 
from an NaCl solution increased until the concentration reached 13 
to 14 per cent, and that when the concentration was higher than this, 
the absorption of water fell again. J. M. Van Bemmelen demon- 
strated that potassium sulphate is split up by manganese dioxid, 
because K is adsorbed while SO4 remains in solution (the solution 
has an acid reaction). Subsequently, similar cleavages were demon- 
strated by M. Masius and L. Michaelis. It is thus evident that 
there exists the possibility of a varying adsorption of salts (and 
other substances) during swelling; so that an acid fluid (urine re- 
acts acid) may result from a neutral filtrate. If we now attempt to 
apply these general facts to the special instances of the concentration 
of the glomerular filtrate, we shall see that the most important 
scientific support is lacking. Adsorption experiments with renal 
substance are especially necessary. The experiments of Torald 
S oLLMANN may be explained on the basis of our hypothesis. He 
found that the percentage of chlorids in the urine was increased by 
nitrates, iodids and sulphocyanids, and, on the other hand, that it is 
decreased by acetates, phosphates and sulphates. 

No facts contradict the colloid-chemical conception of urine ex- 
cretion, but we still lack the special experimental data that should 
support it. If we recall that none of the other explanations of 
diuresis are in any better position but that they must cling to vital- 
istic assumptions, we are compelled to accept the filtration theory as 
the most advantageous until a better one shall replace it. 
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Pathology of Urine Secretion. 

As our preceding statements show, two different functions of the 
kidney may suffer: the filtration of the glomeruli and the concen- 
trating activity of the tubules. 

Filtration is deficient whenever the glomerular filter is damaged; 
it will also be abnormal if there is nothing to be filtered, which 
happens when an insufficient quantity of arterial blood containing 
free water is supplied to the glomeruli. 

Martin H. Fischer*^ finds the chief cause of nephritis is an ab- 
normal increase in the acidity of the kidney cells. It is the cause of 
albuminuria. According to him, the acid dissolves kidney protein 
so that the urine contains albumin; it dissolves away the formed 
elements (epithelial cells), which are then washed into the urine as 
casts. Depending upon the (experimental) conditions, epithelial, 
granular or hyaline casts are formed. ^'The first change to the 
second, and these to the third variety if the acid concentration is 
progressively increased. Hyaline may be changed back to granular 
casts if a little salt is added to the acid solution.” (M. H. Fischer.) 
M. H. Fischer supports this theory with numerous experiments. 

The increase in acidity may result from a deficient supply of oxygen 
to the kidneys which may be due to a number of different causes. 
It may be caused by deficient cardiac activity of any kind, hemor- 
rhages or irritation of the vasomotor nerves, as well as compression 
of the renal artery by a tumor, or interference with the flow of blood 
resulting from arteriosclerosis or embolism. Congestion of the renal 
vein must of course have a similar effect. [Lack of exercise with 
insufficient breathing may induce acidosis. Tr.] 

Disturbances of renal function may result directly or indirectly 
as a result of toxic influences, such as chemical poisons and toxins 
from infections. In such case the oxidation processes of the renal 
cells suffer so that renal edema results, and this causes a compression 
of the blood vessels, so that the supply of arterial blood to the kidneys 
is deficient; a vicious circle is thus established. 

M. H. Fischer also explains the action of alcohol and anesthetics 
in a very plausible way. Small doses increase the excretion of 
urine by increasing and strengthening the heart’s action, and the 
respiratory frequency by vasodilatation; these are all factors which 
favor the supply of oxygen to the blood, and in that way the 
formation of free filterable water. Caffein and digitalis act in a 
similar way. Large doses of alcohol, ether, chloroform, chloral, mor- 
phine, etc., on the contrary, bring about a deficiency of oxygen, 
causing a binding of water by the body colloids and thus a diminu- 
tion of the secreted urine (see E. Frey). 
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Ah the r(\Hult of th(‘H(^ eolloid-elu'iuical vicnvs, Martin H. Fls(Oikh 
H iu'cc'SHfully tn^atcMl c^x|Ha'iaunital nnuria (of ral)hiiH) by introducing 
salts whicli couni(a*a(‘tcd the developnuait of (altana-. Upon ligating 
the naud arteruvs cd rabbits dituinished secndion of urine occurs, and 
the kidmy may b(‘ so damaged that tlu' anuria persists. M. H. 
FiseuKii injcct(‘d solutions of sodium phos[)hate, sodium sulphat(% 
sodium chlorid, aftca' wliicli the (nlema naHHUal and tlie secretion of 
urine reeomuumeial. also obtained gratifying n'sults clinically 
l^y administering hypcadonic solutions of sodium carbonate and so- 
dium chlorid which is a t n^atriumt cpiite opposite to the customary on(\ 
llis purpose is in himhu^ tlu* a(‘cumulation of at‘id in th(‘ kidneys. 
Tlu' prohibition of viohmt (^xercisc, tlu^ substitution of a vcgtdarian 
diet rich in alkalis for a nu^at died, and t he drinking of alkaline^ min- 
eral watc'rs is tin* (Uistomary tn^itnumt for m^idiritics and is (‘xplaiued 
by Fiscukr on tlu‘ basis of his acid tlua)ry of albuminuria,. W(^ 
hHVt‘ discuss(‘d on pag(‘ 239 the c‘riticism I'hsc 'unit’s theory uaTived. 
Fisennu has otTenMl a nmv working hypotlu'sis whost' (‘xpca’inumtal 
tliscussion will lu* vtny product iv(% no mat tea* which sid(‘ ultimately 
wins. [A. A. MesTUiN' lias rtaumtly siu*eessfully trt^aUal (‘(haua in (‘(‘r- 
tuin typ{^s of chronic partandiymatous m^pliritis by transfusion and, 
adopting the practitn^ of Fnux v.No Wioal and of IIhrmann Strauss, 
IVt'ding largt* (|unntitii\sof prottnn, 129 240 gm. pcuMlay, in an (uuh^avor 
to incrt‘as(‘ tin* blimd proteins which h<^ laid found wtuv diminislusl. 
4110 iucreast* in tlu‘ osmotic pr<‘ssur(‘ of tlu^ blood du(‘ to th<‘ a,dd(‘d 
|)rot(‘in n‘H(on‘d the normal ndations ludwcMui tissue's and blood, 
'rht' fluid which exiuh'S in n'sponse' to osmotic pre'ssure' of prote'ins 
should Ih* salt and vvati'r. Ivcstkin found that such was the com- 
|)osition eif (‘deina and cdTusion Huids in chronic |)ar(uic!iymat.ous 
nc'phritis. Am, Jour. Mesh Sc., No. 548, Nov, 1917, p. 038 vt .srr/.l 

A fuiictieaial incapacity of the' antetntrating activil}/ of the upper 
urinifeniHH luhulrH bi'coim's ('vuhmi wlamt'vc'r tlu' glonu'rular fib 
trfite is not mati'rially alt<*red, ami the* composition of the* urines 
a|iproacties that of an ultrafiltrate of tin* blood. As a maii(*r of fa.ct, 
itiis iiiiiy be obst*rvt‘il in many eases. ['Flu* untidiun*ti<* action of tin* 
extract of pituitary post<*ric»r 1<»1h* and pars int(‘rm(‘dia (*xtract has 
not yef !«*en sati*^fncforiIy i»xpluim*d. MoTZFnno* concludeal, as t ln^ 
result of experinumfs on rabbits, that it is dm^ to a stimulation of 
the riiial vieannutor syshan. 'Fr.] 

We mm that the frei*yJng iKiint <lepn*ssion of tin* blood was n*- 
markably constant about 0.50” hut that for tin* urine it vari(*s lx*- 
tween 0.07” and 3.5A 

A. VON KorAnyt^ slitiwed that the* ^Mimits am’ommodation ” 
of renal fnnetion wt*re iliminished in proportion to tin* Hi*vt*riiy of the 
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renal disease, and that the molecular concentration of the urine of 
nephritics approaches the molecular concentration of the blood. A 
table from the paper of A. von Koranyi, Kovesi and Roth-Schxjltz 
explains this: 


Freezing Point Depression. 



Maximal. 

Minimal. 

Healtliy 

Deg. 

3.5 

0.63-2 

0.68-1.11 

0.75-1.27 

Deg. 

0.08 

0.12-0.38 

0.36-0.47 

0.53-0.83 

Chronic interstitial nephritis 

Chronic parenchymatous nephritis 

Subacute parenchymatous nephritis . . . 


A. Galleotti* obtained from dogs suffering from phosphorus and 
sublimate nephritis, a urine with a freezing point depression practi- 
cally identical with that of the blood; Ph. Bottazzi and Onorato* 
obtained it likewise from dogs poisoned with sodium fluorid. An 
experiment by these authors with a dog suffering from cantharides 
nephritis is, however, especially instructive; in this case the urinifer- 
ous tubules are practically unchanged and, accordingly, their activity 
in concentrating the urine is practically uninfluenced. 

If a healthy person drinks water freely, there results a markedly 
increased flow of urine, which in the case of nephritics does not 
occur. Kovesi and G. Illyes examined the urine obtained through 
ureteral catheters from persons who had a healthy and a diseased 
kidney. When a great deal of water had been drunk, there was se- 
creted from the healthy kidney a large quantity of very dilute urine, 
while from the diseased kidney, urine of average concentration was ob- 
tained. Since both kidneys received the same blood, the blood could 
not have been responsible for the more dilute filtrate, but the subse- 
quent dilution must have been omitted by the kidney with the im- 
paired function. In a diseased kidney, not only does the concentration 
of the urine approach that of the blood, but even the amount of the 
individual crystalloids contained becomes similar to that of an 
ultrafiltrate from the blood. There are very few investigations on 
this subject and they are chiefly limited to the chlorids. Some data 
supplied by Albabran warrant our conclusion. We saw on page 335 
that there is approximately twelve times as much NaCl as urea in 
the blood, whereas in the urine there is about one-half as much NaCl 
as urea. Whenever the kidney parenchyma is much diseased, the 
urea content of the urine falls, and there is a rise in the amount of 
chlorids in proportion to the amount of urea. However, the abso- 
lute quantity of NaCl in the urine diminishes. In health there is 
approximately double the amount of NaCl in the urine as in the 
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plasma; the NaCl content of the urine of nephritics approaches that 
of the plasma. The same fact seems to obtain for the other crystal- 
loids, including water. 

Inasmuch as the functionally inadequate kidney continues to 
ultrafilter but ceases to regulate the ultrafiltrate, it likewise loses 
its function as a regulator of the entire organism; it is no longer able 
to maintain the ^'milieu int^rieur.^^ The diminished excretion of 
crystalloids by insufficient kidneys causes an increase in the crystal- 
loidal content of the blood as was first shown by A. von Koranyi by 
measuring the freezing point depression (cryoscopy). 


The Result of Deficient Kidney Function Upon the Organism. 

If in animal experiments both kidneys are removed, an hydremia 
develops even though no water is given, or if the water removed 
by respiration and through the skin is just replaced. If a ne- 
phritic is given"' water ad libitum, the hydremia does not increase 
at all, or when it has reached a given grade only to an insignificant 
extent; the tissues which have been deprived of water take it up 
again. 

There thus develops between blood and tissues an equilibrium in 
which more water enters the blood than normally. This is not sur- 
prising since there is in functionating kidneys a dynamic equilibrium 
inasmuch as there is a current of water from the tissues into the 
blood and from the blood into the bladder. When the kidneys and 
water maintenance are both deficient, a static equilibrium occurs, 
which (to the extent that we may speak of it in a living system) 
represents the true water equilibrium between blood and tissues. 
The question now presents itself : is this equilibrium conditioned by 
osmotic relations or by the condition of swelling of the colloids in the 
blood and the tissues? 

The investigations of A. von Koranyi, P. F. Richter and W. 
Roth, H. Strauss, Kovesi and Suranyi show that the Cl content of 
the blood serum of nephrectomized animals and nephritic men is 
not materially increased; nor has the electrolyte content increased, 
but on the contrary the freezing point depression of nephrecto- 
mized rabbits rises from 0.56*^ to 0.60° (normal) to from 0.65° to 0.75° 
(A. VON Koranyi). In spite of the increased concentration of the 
nonelectrolyte crystalloids, the content of water has been increased. 

Let us imagine what would happen if matters were under the 
sole influence of osmotic conditions. Ever since Pfluger's ob- 
servations, we know that metabolic processes occur in cells. Con- 
sequently, an increased osmotic pressure would have to be present 
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In the tis 8 Ut‘H, hi »1 IIiih wmhl hI tml r*-.^til! m im iiii|wiVrri 4 iiiii*iit «if 
the hicKHl ill wiiti’r mid n iii lintlrriiljir riiii- 

eeutralkiiL Cirmhiiiliy tu tiit* i^xtrii! tluif iht^ iiirliiiwilir itmtliirtH 
(‘liter the UliHitl, wuiihi oretir n ttatrr Ihiif 

filially the iiaileeiilnr ediieeiitratiun nl lli*' l*h«.wl mtiiilil hv uunvimvd^ 
!mt tlien‘ Wimhl he an ehiiime ill etnit-riil at wnlrr. If, hiiivrvrr. 
wi‘ tki find an iiiereaHt* nl watrr, it inn^i iMllim irmn iIh.h limi the 
(rnmniic ejffr m* .HMilinrni nphiHninm uf flii-Hr filirimiiiiiiii, 

and in nrder In undi^fHliiiid tliein w** nn* eniii|irllrti tn iiiviike llir 
cmidititm nj mrrHing in ihr ail nnd blmal rulhiuin. 


The yrine. 

,-l. Si^rmat 

Nnmially tin* urine (‘niitnin.^ im m^rmn aliniiiiin; Ihi-M dt«‘H lint 
liy any nn*an.*^ iii<*an lliat it in tree irtun eiilhad’^. hiven tin* faet that 
uriiu* given a uintieTati'ly fieriuanent imiin \%hrn it h ‘dinwn 

that it. enniailiH enllniilH, Aeenrdllig tn li. iheMe entliiiiln 

hav(‘ an idi^etrnnegative eliargl^ 

Exluuwtiv(* inveHtigidiniin un the lutiil i|nantity nf iifiiiiiiiily^iiiile 
BuliHtaneeH in the urine tiavt* heeii undt-rlalt'ii m the hihnraletry nf 
F* lIoFMKIHTKii iJveAlMJI SahAKU* M. SAl^Allh.* \V. 

In tlie nnrinal urine tliene ?iul».Hlai 4 ern nre: 

III ftien, U,n7 '2 afiU , . n^rfun** I -il nei p*-^r *1*1%% 

In weiiien, U/JI U ?n am . . i.i l-l am |irr . 

Their c|Uiuitity y ^frnngly tnfliiener'd li\ the *lirt. and iip^reii.’^eM 
after tln^ ingeHtinn nf iithiiniiiK it in eH|i«*rmily high mi ii ftiirrly iiiriit 
diet* Of lem iiniKirtiuiee in tin* wurk nf d\u\K\* wlin tried let 
dideriiiine frntii the vimn^ity the t|Uiintily nf liydrn|i|iile' enlliiidH* 
Hinee thiB mm dune in uiidiiily/jal urine mhieh eniitiiiii,^ very iiiruii- 
«tant t|uantit$ei4 nf urstiary tlint iiilhieiirr ihi' vimai'^ily uf 

eulluidid Hiilutimw in .Huiite unknuwsi way, the iiielhml jirti{Mi^ril 
eannut he iitili^,e(L 

L. Lieirrwtw* and F* J, lttii4K,>iiiArti^ ilmt etiiltikb taiiild 

be reiiuived hy thrt»e i»r|iiiilly ii-Hefut iiiettimi^: liy tliiily?^iH, hy 
out in tlie fciniri iiiinh* with lienrdiie, anit hy iilrnlml jirerijiitiitiyii. 
The urttn* eulluidid exert n |mite«»live ntiimi iijMiii enlliiiiifil gtild 
(gold figun* lUlll in II.HI mg, i; and in iIun n^gnrd ihrv are l»etwriii 
gum ariihie and gum triigiieimlh i, table nf li, i, ofivi- 

oiBly thc*y are hydrupliile enllnidi^ wIiuHe nrtivity m iiiil diiiiiiii^lpit 
l)y Imiling, eva|H.>riitiiiii nr free^dng. !ly tlieir firtitee- 

live mdion in ruined iinrHmueh im h tim-r »li«lril*iitiiiii im 

oeeum in the eiwe of gelntin iL, LiriiTwiTr*^"|. 
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Other Htuclies neck to (‘xi)hdu the nature of tlu^ cjolloid constituents. 
These may 1)(‘ mucin ciioiulroitiu-sulphuric acid and 

nu(!lei(^ a(‘id, whicli, acjcordiu^ to tlui studies from F. IIoFMEXSTKids 
Institute^ do not pass tlirougli dialyzing im^mbraiu's. Moreov('r, 
animal gum (Lamdwkiiu and Baisoh) and a nitrogen-containing 
(H)mplt'X carholiydratt^ (Salkowski) pr()l)al)ly belong to the uritie 
colloids. That tlu^ yt'llow coloring matt<n* of tlu^ uriiu^ urochronie 
of (b KLEMmcnnu, is not a c.olloid has Ixuui shown by Diotkhmkyku 
and WAcmnn’^ as wc‘11 as by L. Lujutwitz and RosioNBAotL* 

Th(* fact that tlu^ surfat*,e ttuision of normal urine' is about 10 per 
Cimt lower than that of watiT may also Ix^ attril)ut(xl to (u'rtain col- 
loid eonstituc'uts (s('(‘ W. I). Domnan and F. (1. Donwan* as well as 
J. Amann *)• 

If W(* approach the qut'stiou tt'h'ologieally, the purpose of the col-- 
loids in normal urine is obviously tliat. tlu' uriiu' bt' ('xeu'cteKl clear. 
Tlu^y pn‘V(‘nt tli(‘ formation of s(‘dim('n(.s within th(^ l)ody. Wolf- 
GANei Pauli as wc'll as if. Bi^xuiholi) and J. ZiFeanou have shown 
that tlu‘ pn'S(*nc(‘ of albumin <lecid('dly incn'asc's tht^ solubility of 
uric acid; and J. laun'rwrrz show(‘d that tlu' same property was 
posse*ss(‘<l by the: uriiu' colloids.* He wrib's of a case (/oc. cit.j p. ir)4) 
of my(*logt*uous leubunia in a woman: 

"It (die urine) wiw clew, ntrou^ly acid, from albumin and albumoHOH. 
It idwa.VH had a Hedinuait of W('ll“(h*v('lo{)(Ml urie arid crystals, (d.c. Tlx^ urine was 
clear only on OcUiber 27; tin* undialyz<Hl urine had no protc‘c.tivc action until the 
urines of October 27 was (*xaminc‘d, then tln^ gold hgur<‘ was about 0.4 c.e.” 

Though the proU'ctivi* action of tin* (udloids has been (hunon- 
Htratcnl only for uric acid, in my opinion it is pfobably of signifi- 
catUH* also for other substaiux's which ttmd to H(‘dim('nt. 

A normal amount t)f (u)lloid in Uu^ urine is t'ssc'nt.ial; if it is ch'- 
fiedtmt it may leiwl to iho formation of urinary calculi^ as has Ix'cm 
sliown by IL HenAou (set' p. 272). 

U. Pathological Urine. 

The kidney befiavc's likt' a very smisitivt^ mc'ml>rane. A slight 
rise in blood pn^Hsuns ewen vemous (*ong('stion, suflicc's to permit the 
appc‘arance of protidns in tlx' tiriiu'. If tlu' kidtu'y has Ix't'ii damagcul 
HO m to change the kidmw parcmcliyma, W(^ an^ not surprisc'd to find 
cumstiinents of tln^ blood mixed to a gn^aicT or h'ss (^xteant witli tlui 
urine. 

^ Ab t*arly as HMV2, C*. Kiaatenunu called aitentitjn to thc^ action of (U)lloids 
such m sixifw, gelatin and sfarcli pastt* in iuterhaing wit.h t.lx‘ pnsnpitation of 
uric acid (Ct. Kt.EMeLfiKU, Verb. d. Kongn*HHt*H f. inn. Mt'tliicin, Wiesbaden, 1902). 
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Cliuiciaus luive paid mow jiftmtitm to tlu* siTiiin nUniiuin luui 
globulin than to Iho otlu*r (*(‘lloidal oonstituriifs. All tin* usual 
methods of d(‘t(‘etiug tluuu di^ptaid upon tlu* faet that allmmtu is 
made irreiwrsihlv by boiling or by the atlditii)u t»f a subsiauee with 
whieli it combines (sublimate^ picric acul, iHhassitim fernieyaiiid. 
etc.)j and by a se(*ond proct\ss (addition of nitric acid or other elect ro« 
lyte) it is tlockiKl out. If tlu^ urine* is to be examined fiirlht*r, es- 
pcaually for sugar, (‘V(‘ry traca* of ulimmiu must !»e riUiiovtHl first. It 
is fre(|U(‘ntly impossilde to naaovt* the* final tracers of albitiiiin Ity 
coagulation and flocculation. In tln^se cases an adsorptive sub'- 
stance must be tanployed; tlu* urint* is shaken with animal charcoal or 
diatoma(*(*ous (‘urth or a pn»cipitat<* is formed in the urine (lead iict*t.ati! 
is added, filttaxHl and the U*ad rcmovtHl with stMlium plae^phafeh 

The otiicr nondialymbh* constiluenis also slum* t|uantita^ ive 
change's, (‘spe'cially in patholc»git‘ul urim*. 'l'hc*y are much increasi’d 
in lobar pneumonia (-bi'i to -IKtS gm. per tlay) and im tmormotts 
extent in ('(*lami)sia (as high as 13,81 gm. per littu'l. 

The determination of tlu' surface tension of the urim* wiiieh pointH 
to ct'rtaiu constituents may in tin* future tH*eome of great impor- 
tances for diagnostic purposes, 'rhough the surface tensitm of m^rmal 
urine is about 10 pt'r cent lt*ss than tliat of w*ali*r and is m»t much 
change'd by eitluT all)umin or sugar, the* salts of tin* bile ncitls isiHlium 
taurocludate and sodium g!ycocholat<*i pnuiucc a very definite 
lowivriiig (as mucli as 40 p(*r ce*nt 1m*1ow that of water L \V, l>, Don- 
nan and F, (}. Donnan * found that the degrc'c td ieirrus ran jiarallel 
with change's in the* snrfae'e* temsion of tlu* tjrtne. 

Fibrin, mu4e'oall)umins, blcMMl and lilood pigments, ns ivell m all 
tlie other e)rgani5?(*el e'onstittU'nts e’omiug from the organism, are the 
rc'sult of local dise'ast' of the* kidneys or urinary passages, and at this 
penut tlmy eaumot he* dise*UHsed at gre*atcr length. .More thorough 
stuelie'Hof albumosuria and jH*ptonuria frotn a colluitbcheniiciil stiind- 
point are^ mueli ncHKleHl. 

Casts oete'Upy an e'litire'ly elistinct place. To a I'ertfdn extent, 
the*H(' art' actually coasts of tin* uriniferous tulmles; they are spiriil 
or c\vlindri(‘al structure's wliicdi oecur in inllammalioit of tlie kidiii*ys 
(ne'phritis), tvhose form anti projH'rtU's are tif tliagnoHlic iiiiporlam»e 
(hyaline', fmt' and coarst'ly granular, ide.), Cmln, iiceiirding to 
M. H. art* (»pithelial e<*lls of tin* kidney dissolved luvay 

as tlu* rt'Huii of tlu* formation of acid. By t'haiiging the eoiicetit ra- 
tion t)f acid, he was abh* to change hyaline* t'ltsis into gnniiilfir easts 
and the* rt'vt'rst*. 

Urinary e*al(*uli have* bt'eii exhauslivelv sitidiial bv II. SiuiAiir:* 
(set* p. 272). 
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He finds that they are caused by the clotting of fibrin when insol- 
uble or difiicultly soluble salts are simultaneously excreted. The 
lamellation is caused by the repeated precipitation of fibrin with the 
inclusion of crystalloid sediments. As many various experiments 
showed, fibrin has a tendency to separate on surfaces, so that under 
the conditions given, layers are formed. 

Sweat Glands. 

The daily excretion of sweat varies very widely. With the average 
intake of water, average atmospheric temperature and at rest, it is 
about 700 c.c. in 24 hours, in a man weighing 70 kilos (according to 
A. Schwenckenbecher). Cramer found an excretion of 3 liters 
during a summer march, and H. Strauss was able to establish a 
loss of 1/2 to 1 liter of sweat in a half hour imder the influence of 
diaphoretic procedures. 

The sweat glands are more dependent on the influence of the 
nerves than are any other glands, yet it cannot be doubted that here, 
too, ultrafiltration of the blood plasma plays an important part, 
since the sweat glands have a knotted structure similar to that of the 
glomeruli of the kidneys. In support of this we have the following 
facts: sweat contains only the solid constituents most easily per- 
meable, NaCl and urea, whereas the difiicultly diffusible salts, 
phosphates and sulphates occur only in traces. The fact that 
nitrogenous products of metabolism also occur, agrees with my 
assumption that the NH 2 and NH 3 groups facilitate diffusion (see 
page 411). The acid reaction is probably due to the sebaceous 
glands; when the secretion is artificially increased, the sweat be- 
comes alkaline (corresponding to the blood plasma) . 

Milk. 

Of all foods, milk is the most important; on this account it has 
been investigated by food chemists and physicians. Its specific 
gravity, fat content, dried fat-free residue, and even the casein and 
albumin content and the quantity of milk, sugar and salts (ash) 
have been determined, but it is only in the last few years that the 
important part played by the condition of the colloidal constituents 
has been pointed out. 

Milk is an aqueous solution of crystalloids (salts and milk sugar) 
which contains the colloids, casein and albumin, and also an emulsion 
of fat. 

Though the colloid constituents and the fat of milk vary within wide 
limits according to food, season, age, etc. (from 5 to 8.585 per cent), the 
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water and the crystalloid content is practically uniform. G. Corn- 
alba* showed this by extensive investigations upon large dairy 
herds. The widest limits for the content of dissolved substances 
was only from 5.9 to 6.6 per cent, whereas the variations were usually 
from 6.05 to 6.25 per cent. From this we must conclude that milk 
is the product of at least two processes. One is the result of an 
ultrafiltration of the blood which yields an ultrafiltrate of uniform 
water and crystalloid content. The colloids and fat are mixed with 
this solution by a second process. 

The fat globules of the milk (milk globules) have a diameter of 
from 0.1 to 22 averaging about 3 /x, yet it is possible mechanically 
so to break them up, that they are no longer visible microscopically ; 
according to Wiegner their average diameter is 0.27 /z. Such so- 
called homogenized milk is recommended as being very easily digested 
and it has the advantage that the cream cannot be removed either 
by gravity or by centrifuging. 

It is known by dairymen that milk may separate spontaneously 
to a certain extent; on standing, the cream rises to the top. The 
result is produced more rapidly and completely by centrifugation; 
though a complete separation is not obtained even in this way, we 
have an opaque milk which contains the fiinest globules. Nor can a 
separation be obtained by fi.ltering through the least porous Cham- 
berland filter. All the fat globules can be held back by an ultra- 
filter which still permits the, complete passage of albumin. 

If we wish to make butter from cream, in other words to make the 
milk globules unite, the cream must be churned, since between the 
individual globules aqueous and water-soluble constituents of the 
milk occur as partitions, and these partitioning walls must be broken 
down. It is a remarkable fact that milk globules do not dissolve in 
ether if milk is shaken with it.^ If milk fat were an ordinary emulsion 
such as oil in water, the fat would be completely removed by shaking 
it with ether. From this we conclude that the fat globules in the 
milk are surrounded by a pellicle impermeable for ether. If potas- 
sium hydrate or acetic acid are added, this interference is removed; 
moreover, the fat may be removed from the dried milk globules by 
treatment with ether, and the pellicles will be left behind. It is 
absolutely impossible to extract the fat completely from homog- 
enized milk by shaking with ether. 

There is quite an extensive but at present practically useless 
bibliography (see Voeltz*) on the pellicles of fat globules. Especially 
erroneous were the experiments directed to splitting off the pellicles 

^ The fat of human milk, with its much larger quantity of albumin, is readily 
shaken out with ether. 
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rluiuicnlly, siuci^ the (‘(luilihriuiu of tiic milk was thus changed. 
'rh«' eK|HTimeutal arrangtmuaits by wliich Vokltz, at least qualita- 
tivi'ly, t\stablLshed tlu^ existence of serum pellicl(\s, arc the most 
fortunnti'. No valiu' is to (h' attribiitcHl in my opinion to the (tuan- 
iitativ(‘ n^sults, siiua^ th{‘ composition of the pc^llick'S must cliangc 
whik^ they pass through th(‘ laycu' of wat(n\ Vokltz Itiyered a 
column cjf milk about 10 cm. high under a column of water 50 cm. 
higli. milk globuk'S mounted through the watiu* and were thus 

frtHHl of all wat('r«solubk‘ ingrc^litmts. Tlu'. erc^am thus formed was 
then taktm up, frtMnl from fat and tlu' residue determiiUHl, The 
com|K>.situm provtnl very variabk^ and (|UHlitat.iv(dy contaiiUMl tlu^ 
asli ami organi/a'd ('oustitmmts of tin* milk as far as that could be 
tkMlma‘d from tin* ckdtTminaiion of ash, organic substance, 

Mg, ( 'a and l\ 

By emulsifying buttin' Fat in skimmial milk, Vokltz prodiuaxl 
artificial pellick's ami comparml tlunn with t.h<‘ natural oiuss. 

In the ligiit of our knowk‘<lg(‘ of thi^ sprinuliug out of colloidally 
dissiilved stibslances on surfaei's, it ought not to b(‘ very didicult to 
explain the phenomenon of tin* pidliek's of milk fat (iueorrmdiy called 
serum pellietesb Aei’ording to (b (iiuNCRU, a substanci' sprmids out 
at tlie interface bcdwi'cn tw(y fluids (or a gas and a fluid) if by this 
means the surfaei* ttmsion of tlu‘ surfaei^ possi^ssial in common is 
diminished. t>il sprt'ads out, for instamu^ at thi^. intm‘fa,(H'. bid, ween 
water and air. We know from W. Uamsok.nt^*' and (set^ p. 

54 1 tliat albumin and peptom* si'paniti^ out a,t tlu' interfact^ bi'twcnm 
water and air as a stditl, (iriNi'Ki-: *•' showml that a film of gum 
solution surrounded each globule in th<‘ phanua{a)peal emulsion.s. 
IL BKeHmu4>’^'* bases his i‘xplanation of protiudava*. colloids which 
prevent tlie floecmlntion of organic- (‘olloids and suspensions on this 
plumomenon, 

Simpk* coiisklerntiou shows (hat a fat globulin in an albumin 
solution must surrmmd itself with a lay(‘r of albumin. Hinei* the 
surface tension at tlie houmlary surfuci* of albumin or siTum and fat 
phi to Ltti is smaller tlian that of waUu* and fat (Lb to 2.4) tlu^ 
albumin of milk must eolk‘c*t on tlu' surfae.(‘ of tlie fat globulins. 
All exfM'rimeiit of AsmiKitsoN^ shows (h(‘ eorreeim'ss of this a priori 
iissuiiiption. AsritKUsoN emulsifi(‘d olive oil in an alkarnu‘ solution 
of egg alltuiniii ami observeil that the oil dropkds W(‘ri‘ surrounded 
by an idlmmimms mmnbrane. Tht^ stnaigth and compo.siiiou of 
tht* fudlicleH of 'flu* milk globulins vary, of courses not only with thi^ 
ctilloklal, iiiit nlMi witli the erystulloid i^onstituimts, (‘spc‘eially ih(^ 
sa!t^. In pa.^*^ing tlmmgh th<* acpieous layiu' (in Vom/rz’ c^xpiTi- 
iiieiit) the pellieles an* again ehangcal, and from the investigation 
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above mentioned (Ramsden and Metcalf), we need not be 
that most authors (including Voeltz) are convinced that the 
cles surrounding the milk globules are solid membranes. There 
certainly not the slightest indication that this is actually the 
while the globules remain in the milk. In addition, it must. 
granted that the composition of the pellicles vary with the 
the milk globules. Voeltz believes that the pellicles of the indi-vi<i"*-^^'^^ 
fat globules are individually distinct as a result of their origirx 
the mammary gland). But his own data convince me that 
individual difference results from purely physical causes, naixtely # 
the extraordinary variations in composition according as 
mounted quickly or slowly and according to the size of the fat gloX 3 L.ilt^ 
pellicle examined. 

G. WiEGNER developed an idea which appeared in the first edi't-i^** 
of this book. He compared the various physical properties of or'di-"* 
nary and homogenized milk and found that with increasing 
division of the fat globules (a fat globule is subdivided 1200 
during homogenization) there is an increasing internal friction wtiiioH 
is explained by the increased adsorption of casein by the expan clod 
surface of the fat globules. G. Wiegner reckoned, that, on the bnsxH 
of Hatschek's formula (see p. 16), the thickness of the adsorpt^iof* 
skins were 6 to 7 /x/i, so that in normal milk 2 per cent and in homoi^— 
enized, 25 per cent of the entire casein was adsorbed by the fat. 

Casein of milk is itself insoluble in water; it is a fairly strong niCicl 
which reddens litmus and displaces CO 2 from its salts. For ixx— 
stance, casein may be dissolved with the liberation of CO 2 if it, in 
shaken with a suspension of calcium carbonate in water. In ttx€^ 
milk the casein is kept in solution by lime salts, and it is an old 
still incompletely solved problem, what sort of solution exists. If 
milk is filtered through clay filters or shaken with pulverized oleuy 
filters the casein is separated out (Hermann and Fr. DuprxS 
According to some authors only 26 to 40 per cent of the lime rem.SLix%H 
in the whey after this treatment. If milk is filtered through a.xx 
ultrafilter (Bechhold *^) without being stirred, the casein separa,-t€?H 
out upon the filter, undissolved. In the case of the powdered clay 
filter there is obviously an adsorption and flocculation of the caseixx 
by means of which part of the casein-calcium combination is split, 
up just as the salts of basic dyes are split by textile fibers or wood 
charcoal. 


P. Rona and L. Michaelis* have investigated the influence of 
actually dissolved and of colloidally dissolved lime by means of 
‘^osmotic compensation method^' (see pp. 107 and 108). They 
dialyzed whole milk against iron-milk (milk from which the proteixxa 
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were removed l>y means of eolluidal iron oxid), against wiiey (the 
(‘iiscun was removtHl l)y ivxinin) and against distilled water. Whole 
milk eontaiiUHl approxiinah^ly about 0.15 p(T (umt CkiO; iron- 
milk alK>ut 0.12 per cent (laO; and whey only from 0.04 to 0.06 per 
cent CaO. Tlu' amount of diffusible lime is accordingly only about 
0.(M) to 0.07 jK^r <‘<mt ( -aO and eou.sist.s thus of about 40 to 50 per 
(‘(‘lit of the endin' lime (‘ontainenl. 

It is nnnarkable that the iron-milk (a)ntains more^i limc^ than is 
regally diffusible, so that wlu'U casein is fkxived out by colloidal iron 
oxid, (‘.aleiurn goes into tnu' solution, but tlu^ iron-whey contains 
mucii IcRs phoH|)horic acid than the milk so that it must have^ becni 
pn'cipitabHl by tlie in>u oxid. From this it is evident that no 
considerabli' quantity of calcium phosphates is in colloidal solution 
or the lime wovild 1 h' n^taiiunl with th(‘ phosphoric atdd by colloidal 
iron oxid. Kvichnitly th<^ Um<‘ (*xists to a consid(*rabl(‘ (‘xtenit in 
solution as a slightly dissoe^iate'd (astnn salt. In favor of this vit‘W 
ar(‘ tlu‘ ot hen' projH'rties of milk, which are maniifested when the equi- 
hbrium is shifttnl (depn'ssion of frec^zing point., conductivity). 

Albumin. 4'h(‘ milk of various animals vari(‘S mu<di in the pro- 
jK)rtionat (^ anu)unts of tin* <‘hi(‘f const it lunuts; c\sp(H'ially contrastcxl 
is tlu' relation betwinm cniscnn and albumin, as tlu‘ following data 
show: 



( ‘nwtn. 

Alhuiriin. 


Cesr r(Mit. 

et>r CH’int. 

( 'ow 1 

a 02 

O.fKi 

Ihanan. 

i.oa 

1.20 

( kmi 

a 20 

l.(H) 

Sh(H*p 1 

\A)7 

1,7)5 

Ahh 

0.07 

1.55 


The signifu’aucc* of tlu'sc* difft'nauH's uiK)n tlu^ striudurc' of tlu^ 
difft'rent organisms (»aimot In* dettTmined at pnwcmt, though ac- 
cording U) till' inv(‘stigatiouH of J. Am*nxAN 0 UH and J. (1. M. Bul- 
noWA,*^ thc^ dlgvHlihilitii is infhnmcxxl by this ratio. Tln^se investi- 
gah>re arc‘ of the opinion that tlu^ nwc'rsibh^ alljumin sc'cves as a 
protective* colloid for tlx* irrev(*rsibl(‘ casein. They base this on the* 
fact that womaids milk, which is rich in albumin, is diffundt to 
c’oagulate by acids or n»nn(4, and that the same* c;ondition ol)tains 
for covv^H milk if it is prot(‘(4c*d hy gc*latiu, gum arable, albumin or 
tlie like*. 

In the dark field. Urn, human milk shows a finer division than 
<xnvs^ milk, as was shown by the* invc*HtigationH of J. Lkmanihsiku,* 
A. Kekiol and Neoman'n,* a.s well as i\. Wiucjnkk.* Two distinct 



350 


COLLOIDS IN BIOLOGY AND MEDICINE 


elements in cows' milk (casein and fat) may be dej&nitely recognized 
in the dark field though only the fat globules can be recognized in 
human milk. The submicrons are larger in asses' and cows' milk but 
largest in ewes' milk. In boiled milk the submicrons are larger and 
disappear more slowly under treatment with solvents (potash, gastric 
juice) than in unboiled milk, which is an indication that unboiled milk 
4s more easily digestible than boiled milk. 

Human and cows' milk may be distinguished by their ascent or rise 
in strips of filter paper and their diffusion on blotting paper. For 
instance, according to A. Kreidl and Lenk * in 150 minutes cows' 
milk ascends only 2.5 cm., while human milk ascends 10.8 cm. 
According to Lenk* this is chiefly due to the viscosity which in 
turn depends on the amount of albumin and casein contained. If 
a drop or two of cows' milk is placed on blotting paper, three zones 
(fat, casein and solution of crystalloids) are observed, whereas human 
milk exhibits but two (fat and other ingredients). 

I refer to page 173 et seq, for the methods of examining milk and 
dairy products. 

It is necessary for completeness to mention the formation of skin 
on boiled milk. The phenomenon is obviously analogous to the 
formation of solid skins on dyes and peptone solution (see p. 33 
et seq.). 

Referring to the changed condition of the surface, it might well 
be worth finding out whether the unavoidable shaking during 
prolonged transportation damages milk. We learn from clinical 
experience that raw milk is more easily digested than boiled milk. 
[From the fact that boiled milk forms smaller curds, it offers a larger 
surface and on this account may be more readily passed through the 
pylorus. It may even remove acid from the stomach by adsorption. 
Tr.] This has been attributed to the presence of enzymes, which 
are destroyed on heating, though no one has ever been able to give 
any proof of the action of these enzymes. The most recent results 
of research indicate that considerable changes in condition are as- 
sociated with boiling. 

O. Grosser^ found by ultrafiltration that the lime was attached 
more firmly to the milk colloids in boiled milk than in unboiled 
milk. The ultrafiltrates of boiled milk contained less lime than those 
of unboiled milk. The nitrogen and phosphorus content were 
diminished in human nulk, by boiling, but in cows' milk it remains 
approximately the same. For instance, Grosser found the follow- 
ing quantities of CaO in ultrafiltrates: 

1 According to a private communication (as yet unpublished). 
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WiuiuiirH milk 
I Cdw’.s milk , . . 


Ultru fill rat© of 
raw milk. 

Milk boiled 5 minutes. 

I'er wilt OttO 

0.017 

0.041 1 

j 

Per cent CaO 
0.(K)7 

0.034 


'rhr Iciigt h of t ii!U‘ t ho milk was boiled, influenced the results. The 
ultrafiltrate of tiumHui's milk idivr 5 minutes’ boiling still contained 
about oue-tliird, after la minutes one-tenth, of the original amount of 
C’aO, Afitu' boiling dO minutes there were only tracc'ss of CaO. 

Thai there is hardly any diflt^rence l)etvv(Hm thc^ freezing point 
depression of raw and of l)oiled milk is, tluu’cdore, v(‘ry remarkable. 

[Mc C ’cjULOM lias shown by his feeding (‘xperimeuts on rats tliat 
driiHl milk lamtains botli of the essential food accessories, fat soluble 
A and water soluble* B. Ti%J 



CHAPTER XXI. 

THE NERVES. 

The nervous system began to be investigated colloid-chemically 
when the problem of brain swelling and edema of the brain was 
formulated through Fischer's theory of edema (see p. 223). Various 
attempts were made to determine whether the swelling induced by 
acids and in the presence of salts was analogous to the swelling of 
fibrin. From the start it was not very probable that nervous tissue, 
was like the latter, an individual protein substance. Though the 
nerve cell consists mainly of protein material, the neurolemma which 
serves as insulation for nerve conduction is largely formed from 
lipoids which behave quite differently towards acids and salts. 

Martin H. Fischer and M. 0. Hooker conducted experiments 
upon the swelling of brain and cord in acids and salt solutions and 
discovered that their behavior quite paralleled the behavior of fibrin.^ 

For reliable data it is important to employ absolutely fresh nervous 
tissue from normal animals; results of no comparative value were 
obtained from diseased rabbits or animals which had been chased 
about before they were killed. Fischer justly criticizes the experi- 
ments of J. Bauer and of J, Bauer and Ames who used material 6 
to 24 hours post mortem; the post mortem accumulation of acids 
rendered these experiments useless for the purpose of comparison. 

The experimental attempts of Barbieri and Carbone to produce 
swelling by injection of acids into hving animals we must regard as 
naive. The authors evidently overlook the fact that the acids are dis- 
tributed in the organisms and that various organs compete for the avail- 
able water; we may expect swelling only from local accumulation of 
acid. On this account the interesting experiments of Klose and Vogt 
deserve elaboration in the direction of colloid research. The authors 
found in thymectomized dogs an acid preponderance localized among 
other places m the nervous system (gray matter) ; the brain of a thy- 
mectomized dog completely filled the skull, the ganglion cells were 
swollen. R. E. Liesegang justly cautions anthropologists against 
attributing too great significance to the weight of brains (Petten- 

^ This parallelism must not be applied too generally; there are important 
differences in behavior with the salts of the heavy metals as hitherto unpublished 
experiments of H. Bechhold show. 
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kokkh’k bruin wniglu'd i:?2() gm. — Helmholtz’s, 1900 gm.); for 
HickniiHs, iigts etc'., may prcnluce considerable ehauges in a brain’s 
<uij«u’ity to hol<l water, so that the brains of men offer no basis for 
IKist inurti'in cumpnrison. 

Maki'da supplied thi' following figures; 


iHt Man 2rKi Man 

Winicht of hniiu 1/291 1,133 gm. 

l>ri«‘tl Hulwt jiiico 17G,3() “ 2()0,30 “ 

1 gfii. of tiritnl .suhstiinct* cumtaiim water. ... G,14 “ 3,55 


With the 8anu^ atlvuHms (H)nient ns Brain II, Brain I would have' 
weiglu'tl 7h7 gnu Witli tlu' natne acfueous eontc'nt as Brain I, Brain 
II would have W('igh(‘d IKHS gin. Tlu'n' are incrc^asing in(li(‘.ations 
that c'olloitl invt^Htign^ ion is (h'stiiu'd to carry nearer to solution the 
old preddem luu've irritability. 

Nerve Irritability and Swelling. 

In coiiHiilering inusch' fuiudiou wt' hav(‘ sch'ii that it is associak'd 
with a et*rtaiu condition of swi'lling (s(M‘ p. 2t)4). Th(^ like is also 
true of utTvt's. 1'1 h‘ nervess losi^ their irritability wlu'ii plaited in iso- 
tonic Holutious of cant' sugar or other uoneondiu'tors and recovt'r it 
again wlu*u tlu'y art' pliu’csi in piiysiulogit'-al salt solution (Mathiows,* 
M. ( )VKitTOM \*arious oiht'r maitral salt solutions also injuriously 
alTcct the irritability of lu'rvt'S in necordanct^ with a lyotropic si'rit's. 
The arrangi'mt'Ut giv(*u by various authors (Matuuws^ P. von 
( lHOi7.NKii) is md as luu'tiuivoeal as for muscle. \Vt', must rt'mt'mbt'r 
that the mt'tlmds td invc'stigation wt'rt' not tlu^ saints as for mustdt', 
and that tin' pt'Ui't ration of the' salt solution to tht' axis t^ylindt'r 
tlmiugii tht' li^Mud insulating layt'r was not as uniform. IL Ildimu 
(p. SC17) summari/4's tin' dt'preKsant atdion of ions on nerve irrita- 
lality in tlie following serit's: 

Na < Li < Cs < NIL < itb < K 
H 04 < CK Rr< I 

Tfie anion st'rit's is the reverse of that for muscle irritability. 
We know that in tht* prt'cipitation of acid alliumin, the* lyotropic 
series is tht* opposift' of that for alkali albumin; wt* know furtluT that 
contracting muscle has an acid reaction; on this act'oimt wt* may with 
some prt>babi!ity infer tluit n(*rve albumin is more or h'ss alkalim? 
(nt'gative). 

IfoiiEit siicct'ecled in rendt'ring visible the changes whitdi rt'Vt'al 
irritability m the abst'm't' of irritalnlity of nt'rves. Tht* sciatics of 
frogs still ctninecfed to tht'ir gastrocnemii were placed in isotonic 
salt sidution mitil they lost thtdr (‘harack'Hsth! irritability to the 
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Faradic current. Teased preparations of the nerves were then suit- 
ably stained. The difference in the turgescence of the axis cylinder 
was not only indicated by the different intensity of the stain, but also 
by the fact that according to the salts employed, the axis cylinder 
remained as thin threads or were swollen to broad bands, and that the 
order in which the swelling was affected agreed with the lyotropic 
series characteristic of the loss of irritability. [W. Burridge, Zoc. cit, 
has adopted MacDonald’s view that in the excited nerve the pro- 
tein aggregates are agglutinated to form aggregates of greater indi- 
vidual size; this change is due to the reception of a negative electric 
charge. As a result of this (K) salts are liberated which charge the 
next segment of nerve negatively, and so excite it and leave the origi- 
nal segment a positive charge. This positive charge determines the 
return of the colloid of the original segment towards their former 
state of aggregation.” Burridge considers that it is calcium plus 
the negative charge which determines the coagulative change, and 
sodium plus the positive charge which brings the colloids back to the 
original state. Inhibition, according to this view, ^^is essentially a 
decalcifying process.” See also page 361. R. Lillie, Science N. S., 
VcL XI-VIII, No. 1229, has offered an electromotor working model 
of nerve conduction in the transmission of the active state along a 
“ passivated ” iron wire. Tr.] 

Cerebrospinal Fluid. 

Our most sensitive instrument, the brain and spinal cord, is pro- 
tected by a sohd casing, the skull and spinal column. These latter 
do not fit the nerve organ closely, but have a certain amount of dead 
space which is filled with the cerebrospinal fluid. We may add that 
both the bony case and the central marrow are covered with mem- 
branes which are connected by a delicate mesh work. This network 
is filled with fluid in which, to a certain extent, the brain and cord 
float. It is a clear, colorless, aqueous fluid amounting to from 60 
to 200 cc. in adults. Besides a very few formed elements it con- 
tains 1/2 per cent of albumen. 

Several cc. may be withdrawn, by lumbar puncture, from patients, 
without injury — a procedure introduced by Quincke. This pro- 
cedure has yielded valuable physiological and pathological data of 
scientific and diagnostic importance. The fluid circulates constantly 
and slowly. Under pathological conditions the fluid maybe quickly 
formed so that at times several liters may be lost through a fistula in 
a day. 

There are two opposing theories of cerebrospinal fluid formation. 
The one assuming a secretion has most supporters, whereas Mestre- 
ZAT, who asserts an elective filtration,” has fewer followers. Mes- 
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TiiK/ AT H cliffnHion govcmod by osmosis expressed in our terminol- 
iigy is nothing other tlian ultnifiltration. 

Cn>t,nMAXN'H i*x|)(nnnunital data, subsequently to be mentioned, 
Hup|K»rt this vii‘w, tliat tbc choroid plexus, the exceedingly vascular 
intntihrane in th(‘ vtmtricles of the brain, serves as an ultrafilter. 
[J. MoC taixnox has rtH'tmtly offered additional experimental support 
for tins vimv. Tr.] 

I nder |>nttitilogi(!al (‘onditions the albumen content of the cerebro- 
spinal ftniii Huflta-s viny striking changes in which the globulin seems 
partknilarly unoetcHL On acc,ount of the minute amount of albumen 
{(1.0 per cent) fla^ ustial leasts for albmnen have been refined though 
noiu*^ have Hequinal tlu' significance which has been won by ^Hho 
eolltndal gt^Id test ’’ of Laxtin. It rests on a modified clinical deter- 
mination oi tlm ^^golil numlxT” (see p. 85), in other words upon 
II meaHurtmuavt (ff tlu' protcudive action on the gold hydrosol by 
c(*relm»Hpinal fluid. Xonnal cerebrospinal fluid diluted with 4 per 
cent saline has no {*(T(‘ct in any dilution upon the red color of the 
goltl stil. If precipitation (xanirs at any dilution it indicates a path- 
ologic’ul ehangtx Hy this nxiciion, luetic affections of the central 
nervous system are (h^i-cHdcnl when the Wabsermanx reaction is still 
negativi* and urc^ as yet no subjective clumges. The reaction 
also wiighs in favor of diagtmsing luetic disease (tabes, paresis, 
cerebnispinnl syphilis), when other diseases of the brain and cord arc 
ill questiom Meningitis, tumors, apoplexies arc distinguished from 
lut*s by a shifilng of the pnx'ipitatiou 2 :onc. [Recently mastic solu- 
tiuri^i have been t'midoyed for the same purpose. Tr.] 

OliHervatioiis of Kisen and Runeutz indicate that under certain 
pathological conditions (cirrhosis of tlu^ liver) the surface tension of 
the cerehn>Hpinal fluid varu^s from the normal. 

The Integument. 

11 i 0 ug!i other |)oH ions of tlu^ organism have greater or less capac- 
ity to swell, t ins pro|KU’ty is very much limited in the skin, epidermis, 
hair, feat tiers, scales, <4 c. It is also evident that this limitation is 
esHeiitial for midninining shape and for retaining water within the 
body. If tilt* epitlennis had unlimittHl swelling capacity like gelatin, 
the fltiiils inside tlie organism would Huffice to stn^ch the skin and to 
enlarge it until all alutpe was lost, and finally the interior parts desic- 
catetl. ( Vmvf*rst*ly, (WtTy natural atmospheric dampness and every 
ridnsform Hlill mon^ would cause an almost unlimited addition of 
wtiirr from the tniisith*; a steady stream of water would flow through 
flit* skin itnti lilt* organs, and would lx* pounxl out through the kidneys. 
If t!ii*se opiHisiiig forces could still (sstal)Ush an ecpiililirium it would 
vary so imich in at cordan(‘e with rrudxiorological (uiuditious tluit it is 
hard to believe that ibt' body would liave any definite shape. 
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When we think of nquatie nuimnlH tin* itlra yf iiii iiilegumt'iit 
which can hwcII It^iuin inily tti cariraturo. 

Tills ut)i mean that hair, fratlieiN, ete., eaiiiiyf take up any 
water. Wc* all kninv that wt>ol ami iVatht'rn nlmith water from the air 
and that in very imilst air they feel thutip; in iiuikini^ liyi^riiriieters,,, 
human hair, which expands with a certain degree yf inyisiun* and 
contracts with dryni'*s?i, is usial. 

Tht! akin may he preservia! thcniMamh iif viair^ on aceiniitf of its 
Blight Hwclltiig capacity. In fact, we hnd fht* fraintnvnrk uf plititfs, 
cellulose and wimhI, in gravies of aniimds or inen in inlditiiiii t.o 
bones, ami usually hair, hide and leathm* artk-Ies. 

The cnaiiHiration of W'ater from Ua^ skin occurs not mily m tla^ 
result of tlu^ sccn‘h»ry activity at tfir sweat glands, tmt there is also 
an ^^ins(msil>lt' perspiration.’* As I*, th V\\\*^ has shown in con- 
vincing experiments, this may he either inhibited by fats or on the 
oilier haml inereaseti liy lailnrgiiig tli*’ surface, ii:i with {;tiwders, cont- 
ing with gelatin, collodicau etc, i si-r p. I Pi e 

Ah in t!ii’ case of oltua’ cel! imiubram's, the saturation of iht* skin 
with lipoids, especially* with lamiiu, ol the greate,Nf importance. 
W. FiLKUNK ami J. Biimuria.ii * invi^Htigaied the absorption eapaeily 
of chsan keratin structures (wca4 ftbers. feiithfU' lim^s and hiiiiiaii hair) 
as wtil as sueh as were saturated willi lipoids. As \\m to be ex|>i*cted, 
subsianceH soluble in fat {pliemil, ehloroforim efcuj w'ere easily ate 
HuriH‘d, whenus water and salts penetrated but slightly. This corres* 
I>onds witli tht» animal ex|Haiments of K. th rarrox on amphibia and 
of A. Htatw'KNiCKXiiKmiKic * on doves and mica% llie ahnoHl coinplrfe 
imiKmetrnbil it y of the lipoid-saturiited skin for salts jsof ih** greatest 
importance* to the* organism in maintaining its rlectrolytr conieiit. 

[Inimuil fliTrriimiH. ■■ W. lb iiinnon, liy hn jsufusioii ex|«a*imeiils 
with c*aleium HolutionH of varying strength, fan; ollered an explaniitioii 
of «ome of the nettvities of si^veral hormones, ihtiiitnry siibstnnee 
apparently iiiert*f.i.4i*s the iif the uterus and the lienri to cab 

ciuin. Adrt*na!in hiis a fwcHfohl nelivity on the hrnrt. a priiiiiiry* 
depressing or Hurface net inn mid a *^smondary* or deep atigineniing 
iwtiom During llie jn^riod of exiilt«*d earduic nctivily the lienri is 
more to c*alf*iuiii than previoudy. 11ie farturs involved 

are the eonf*eiitrnlion of adriann, tin* «’omaailriif ii»ii of calciiiiii in the 
|>erfuHing i^iliition, and the state of the }i«*art iiidiiced resjUTtivelv by* 
adrcaiiu and Irv calf*iuim Ivxeitatioii is view«si jis a laiiigiiliitivi* 
change produced l>y enhaum in eerfnin enlloids. 

Tlie effecli of tliynud m*vtvtum is siimlnr to that of iilruliol, ciiiisiiig 
the circulation to k* iiiainlnined on whnt oiherivise ivotild k* an 
madequate cidciiim tf^iision in tla* iHufusing Htltiiiiin. 1V.| 
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An * aft«T an tmmv rt'fars to the r(*f(Toace in the index of names. 

PAirr IV. 

(MIAPTICIl XXIL 
TOXICOLOGY AND PHARMACOLOGY. 

In the hilknviup; cluipter w<‘ shall chiefly consider the action of 
foriAgii cht*mical mihstau(*eH anti organlsniH. If only inonera (l)ac- 
ttTia, protnzoa anti ytaists) wt*n‘ iuvolvtal, iht* matter would be rela- 
tively Hiniph*; we might rt'gard them lus HusptmsionH and approach 
thtir investigation with exact physit^o-tdunnk^al mtdhods. It may be 
Hctm frtau tlu* cliapttT on ** DiHintVetion and Agglutination’^ that 
thcHi' vimvpointH havt» 1 hh‘u Hucct^anfully (‘m[)loy(Ml. 

Htanc* of tilt* su!)Htanet*s which nrr injurious to monta-a (bacttTia, 
protozoa, etc.) we (‘all dimnfevlant^^^ and somt' Out' of 

tilt* ways by which flaw an* testc'd is to add t.ht* solution imd(*r (*xami- 
natioii to a suspension of hacti*ria in wat(*r or bouillon and observing 
in what t*onc(*ntriition growtli is inhibi((*d. It is obvious that this 
action is d(*pendi*nt upon tla* (*oncentration and distribution of the 
disinfectant bciwt*t*n laicttaia and solvimt Similar (*xp(*rim(*nts may 
bt* performed on higlier atpiatic^ animals. 

Hit* prolih*m becom<*s mut*h mon* eomph'x in the c.ast* of multi- 
cellular organisms, (*HfM*c*iiiJily tla* higher t(‘rn‘strial animals, where 
tlu* at*tion may !h* afTtaded by the* jKirtal of entry. Water, so (‘ssc*ntial 
to lift*, beeomt*H a tioison when injta*.t(Hl intravtmously. 

1 depending on ihtar point of (‘ntrama*, suhst 4 m(H*s must pass through 
iiieinliraiies, filters or plac(*s with dig(*Htivt‘ ri‘rm(‘nts (stomach, iui(‘s- 
tin(*s, etej. 'rhis may (*itlu*r dt*termin(* tlu* action and the* (amrsc* 
tak(*n liy the poison or drug, or it may (Wt*u (‘ntin*ly block its c*u- 
tfant*(*. Hiii{*e sinall iiit4*Htines and (adon H(*nd thc*ii blood thiough 
thi» iHirtal V(*in to the* liv(*r, HubstauKa^s whitdi an* iak(‘n liy mouth may 
hav(* no etl(a*i in spib* of Inang wtdl absorbtal if t.h(*y are st.rongly 
adsorlHal tiy the liver, as hapt)(*ns in tin* case* of potassium salts, 
curare, Only sucdi HubHtan(a*.s an^ abHortual through the skin 

as are solubli* in its fats. 

Tht* action of diphth(*ria antitoxin wh(*n inj(‘ct(*d intrav(*n()usly is 
filMI' times strcHigt*r than when it is injctd4*d suhcut.am*ously (W. 
BKiioiiAitH). friiis lias \mm nhown by Pahr to l>e diu^ t.o its slow 
absorption from the* liasnc^s. Tr.l 

ano 
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In canmmn imrluiin* pnisans ^tirh Hiilfi4tniirr.N n.H art* liaritiful to 
wann-hlcKHlecI aniiual^ if they an* tukrii hy iiunith «ir aro iir'ijiirotl 
in miimtn With ftnv iuiin '' inmitm/' |)<»}»ulHiiy 

Ho-cmllHi, iin^ iiritlii, nlkiili.*'*, vnritnn^ inotallir i ?iiiiiiliir 

nnrvn whiah in miniiiinl i|iniiitilii\H may 

(lepreAs eHMtaitial funtiitiiiH* rjj., Htryrhnima afrajii.ii«% rft\ 

Tht‘ aoiiial imiHoiuiUH thi* of tho tiricni4i:siin is only tin* 

elaning act t)f a coin|)lit*iit<^l tlminii whirh ts hrfiiro mir ryo^4. 

Thn intnMliH'tory maion arr for m no Ii^hh iiiijMirliiiii .^iiiro t}|i»y 
t4*anh m wlmi jjfitaiointaia may trail to a Iragir Irniiiiialioii, lln* 
dnmaa may riul happily if thr vimvmimtum i,*f t!i«* ttriig In kf*jit 
Hnffldraitly low or 44uitab!o iiiitttltilr?4 nrr riiiployn!, Frniii mir |Mi|iit, 
of view it IH imjKwnihlr to i4i»parato lo)s.iri»!oicy ami lliiiriiiarology. 

Next ill im|Hirtanee lo tin* eoneimlrHlitun t!io rnoHl iiii|iortaiit 
iiifliienee U|H>n iiixiiHikigteiil or plyyriiiaeologiea! iirfiuii is tlti» 
tibniimu I'he fuutlanietitiit iiml e^aiiialty rlt«*iiiieiil iilen of 4i?ttri« 
hution waa IraitHfernHi by l*Mi* Kiiiisafii to the in 

multieellular organbina. Xliiiiimil i|nantitieM of nlkatoiiF bav** .Htirh 
inienHt* aetion hTiuiHi*, in eonforinity ibi^^i taiov, iliry art* eoin 
mitratal in ilefmiie gmupa of nervra. in the !r»*afiiitmt of inferttoiw 
dmeaat^, it m timwiry to tiiid .Hnb-^tiiiiri*.^ wlitrh wilt br ^ho diNlrtlo 
uted ladweeu tia* infeetial orgatii.^ii4.H ami iht* infeetion pri«liieer?4 
that the largeni jHii^ible ipianttly U'ronien nitarliei! to tin* inirrt>-« 
organiHinH and th«* leii.'il fMwible b altiirtii*«l to tin* ntim. iloitieKlte 
animal or plant. It in n*iiili!y .Nia*n lliat tli«* lUnirihntum tiiay 
eitliiT a eliemieal eombinafion, a diMtrilnilton t*t*tw‘t*ori two milvetifa 
or a variety of iuli4i,>rpt)om In but few* eiy4e?« hai* it la*en iM^tfibli* tii 
didennine tlie kind i)f diHirilitition mIopPal lb Fiir.t">i‘ot 4 rii liai* lail- 
cadatecl from the n^i^welit^a of \%\ HTiueii * tliiif ait fitli^trjition t-i|iii- 
librium obtiuiiii for the dwtribulion of vr^nitriiie I»4-W‘erii the Inmrt 
iiuwele of II miirint* i4niiil (ti§diim$ limmnfm) iiini the biilli nitiiaiitiiig 
it. In thf* Hfaidiil aeetion ive ahidl mw othtT exfiiiiplea. 

To eaum* diunagi% the aubatanee taken up iiiie^t iilmi rliiiiige tin* 
alTwkHl organ of tia* multieellnliir orgainaiii itnd iiitiler rertiilii eon- 
ditiona it may 1 .m* iiiimateriii! whi4ht*r the rliiiiiie m rrvt*f>s||i|e or 
irrtwemible. A |)oiit.iri ivliieti remlen^ the reKpirntory fiiiir- 

tionltw for only a finr iniiiiitea na* for imUmv$.% eiirnre, ilenth 

in wanii-blocKlial iinimaN, though tin* fibf^irjititiii in rrvvmihh\ 
(Jold-l>kKKh*d animak, for iuHtanee the frog, iiifiy, on tht* riiiitriiry. 
live for days or even reeover mm*e they iiri* iitile to bmiflie tliriniicli 
the skin. We must iiaaume that the orgiiits to life 

have spf.^ml pniteetion ngniriat many* «*sp^ri.nlly niitngeiifiiis tiixiiis. 
Thk may Im a phyiiad proteetion, in a partiiilly isnlnttiig rliiiiiiit*! 
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about thi‘ vvll or group, or a rlunnical (k^fouHc in the sense of P. 
EiOinirn, who bi^liovcss that in th(‘so eas(ss thc'ro is no “receptor” for 
the iMuson, ProlHiijly both methods are involved. 

Altliough “distribution’' is a V(uy (liffuuilt and as yet scarcely 
invt'stigatcnl lielci, in th<‘ study of the organic, chaiigc's due to drugs we 
are met largcdy by unsurmount(‘d difncultitss, sim^e in many cases no 
(‘xt(‘rnal or even histological chaiigc' may be recogniml. It is our 
ho|H* that colkntl rt'St^arcli may also {)rov('. of gnait value here, since 
it is ncd only profotmd changt^s in chtanictal constitution which in- 
tiu*feri‘ with tlie function of an organ, but harm may be done even 
by changi'H in ttirgesccauH', flocculation, rev(n*sil)k^. prcHupitation and 
in fad vvint in thc^ sii^e of tla^ partick\s. [This is the basis of 

tlu^ explanation of chang(\s of muscular activity in response to drugs, 
ofTered by W, llruitincjH, to whi(‘h has be(ui mad(^. Tr.] 

More particularly fhati hentofon^, we must observer the eownc of an 
injury; we shall have* to obs(*rv(‘ whetlua* a ptu’manent local change 
occurs ns in tlu* t(r\i(! aetkm of most nutals, or wlutlu'r the process 
is naawsible as in the eus(‘ of the narcotics, or wlutluw after a severe 
ciTtai ijceurs, a modtTutt^ly prolongcal aft(‘r-('lT(Hvt takes place in the 
organs involvetl, suggesting an ads(u*i)tiom 

Valuabk* suggest itms for such a vicavpoiut an^ olT(‘r(‘d by the 
clitsHieal tdistTvaiiuus tt P.\tU4 Huhok!!! on tlu‘ “Oxygen re(|uire- 
rnents of the body” and by his study of tht‘ liistology of th(^ blood 
(P. <b rxN \***), and W. STitAtin's’^ n»s(*an‘h(‘s on th(^ distribution of 
various alkakads (vi*ratrin<% stryehuiue, (‘urariiuO between heart 
muscle tof a sea snail) and the s\irrounding solutiom [W. liUHniDGia 
has shown that <iigitalis and stryehnim^ iiuuHaist' th(^ utilization of 
t*aleium l»y the lieart. The action of Htry(»hnin(M)n u(‘rv(‘s is (‘Xi)laiued 
by a n‘lativ«* ealeifieation of tlu* synapse, facilitating th(‘ passage of 
file nerve impulse (see {>. Tr.) 

CoSperation of Indijfferent Substances. 

On pages and 334, wo saw tliat the pi*eH(me(^ of many Hul)Htanc(^s 
might «*itlif*r inc'reaHe or diminish th(‘ p(*rmc*alality of mcanl)raneB; 
from this fart we arc* justified in eoneludiug that th(‘ addition of 
an essfuitially imlilTennii substance* may inert'ast* or diminish the 
toxic or phiiritiiieologie aelitm of a substamH* liy aiding or impc'ding 
its arrival at the si>oi wla*re it is aetivi*. \V(* may in gc*n(‘ral assume 
fitaii this that such ot!a*r substanee is also stonsl in thc^ sanu* orgaii. 

We may exemplify this !>y H<‘V<‘ral td)Ht*rvatious (scs* ( 1. Stoffkl*), 
which must be viewetl from this staud|Knnt. Vox SeiiHcioFH found 
iltai the diiin*iie aciion of eulTi*in was increas(*d by ebloral hydrate*, 
and yet that this t*{Teet did mit tk'jHuul on the ability of the chloral 



362 


COLLOIDS IN BIOLOGY AND MEDICINE 


to paralyze the vessels increased blood supply to the kidneys). 
According to Cervello and Lo Monaco, chloroform checks caffeine 
diuresis when simultaneously administered, but it has no influence if the 
chloroform effect precedes the caffein. According to Thompson and 
Walti, atropine checks renal secretion and at the same time decreases 
the amount of urea. According to H. Lowe the amount of urine se- 
creted was not increased by the injection of pilocarpine, the sugar re- 
mained unchanged, the uric acid was somewhat increased, phosphoric 
acid was diminished greatly and the total nitrogen to some extent. 

It must be emphasized that we are here dealing with pure secretory 
activity. The action of CO^ on glycosuria may possibly be attrib- 
uted, according to Stofpel,* to changes in permeability, whereas 
phloridzin diuresis is much more probably accounted for by a hin- 
drance to the reabsorption of the sugar formed in the kidneys. 

Since our colloid-chemical knowledge in the realm of pharmacology 
and toxicology is extremely restricted, we are limited to the few 
short chapters which follovr. It must be especially emphasized that 
the most important territory, the specific nerve actions^ (see note 
on p. 352) is colloid-chemically still almost completely terra incognita. 

Toxicology and pharmacology study the action of chemical and 
physical influences upon organisms, i.e,, colloid structures. Aside from 
general considerations, the action of suspensions and colloids upon the 
body deserves our special attention. In the following pages, these 
questions though apparently separated are to a certain extent sys- 
tematically handled, yet this is upon superficial and not upon essen- 
tially scientific grounds. 

Colloids. 

Pharmacy and therapeutics ever since the classic age have made con- 
siderable use of colloids and suspensions, that is of the general colloidal 
properties of substances which have absolutely no specific chemical 
action. I do not refer to the containers for medicines, such as gelatin 
capsules or wafers, but to the strongly adsorptive properties of 
colloids and suspensions which guarantee a rapid action by reason 
of their enormous development of surface. Colloids may serve to 
correct the action of substances such as morphine, chloral, aloes, etc., 

1 We cannot always assume that it is a nervous effect when, among its other 
actions, the substance involved acts upon the nerves. For instance, strong 
coffee aids digestion. An investigation of Handovsky,*^ based upon observations 
of A. Pick, makes it probable that the cause may be found in a specific property 
of caffeine, which raises the internal friction, i,e., the ionization of albumin. But 
we know from page 156 that the disintegration of albumin starts with the forma- 
tion of albunoin ions, and we can consequently understand why caffeine and theo- 
bromine, which is related to it, favor the digestion of albumin by pepsin. 
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or tliruinish tlunr irritation of the stoiuacli or intestiues. Upon tliis 
lift ion n*stH t lii' utility of nuicilages (cU^coetioius of salep, inarsh- 
nmllcnv anti gxiin arahic), of talcuiu, etc., in cliarrheas as well as the 
atitiitiun of gi*latin and vt^gt'tahk^ mucilages to acid foods and fruit 
juifts. In fUHt\s of poisoning witli acids, alkalis or caustic salts, 
wt^ art^ acfusttaut‘d to tauploy as our most iinportant antidotes, milk, 
egg alhumtm, grut‘l (oatmead gnud, cpiiuce mucilage or gum arabic) 
or tanulsitms of fat and of oil. (lastric hyperstaavtiou also is favor- 
ably iutlut‘Uft*d by such substanc(‘s (mu(‘ilag(‘ of gums, starelies, 
In.Hinutli subnitratt% talciuu, t^tc.). 'rAPcniNiou demonstrated the 
protectivi‘ aftiou of such substaiuH^s by th(‘ following (axperinuuit: 
A '’refit'X frog'’ whit*h is HusptmdtMl with the liind legs in an acid 
solution witlidraws tin* It^gs aftia* a ftuv seconds. If a solution with 
tht^ ithadical amount of at‘id also contains gtdatin, gumarabi(‘,, starch 
paste or tin* likt*, thtaa^ will b(‘ no r(‘tl(‘X movtanents. The action 
of uttHtu’benis in {induct ing against other poisons has long bcuai known. 

In ISIitk the apothet*ary Thouhuv, (*xpta-im(aiting on himsedf, took 
withtHit harm I gm, of strychnine* (ten ti!m*s tlu^ fatal dose) with 
lo gms. «)f chan’oah Tin* use* of e'harcoat as an antielotc^ against 
pensoning tlmugh nt*gle*e’tt*d in practien* has bt*(‘!i mentioneel in seweral 
p'XtbeHiks. ihily fir shin I)n‘C‘ipitat(*d iron hydroxid (ferrie* liydroxid 
in wate*r, nididaium imvnicl) is in gen(*ral use as an antielote for 
arsenic peiiseming, thanks to thc^ autliority of Bunskn. From the 
enrlie*st timers greate^r use*fulne*SH has b(‘(*n a(aa)rd(‘d to the hyelrophile 
cedloids as gnu*! (against nl(H‘s, (‘untharieFs, eole‘hi(*um, croton oil), 
milk or white* of eggs against m(*re’ury W(‘ed, glue* solution against, alum. 

Se’i«*nt ideally e*xaet stuely e>f tlu* aelsorptive* action of suspensions 
on poisems was unde*rtak«*n only in r(*ce*nt ye‘ars. W. Mhohowski, 
Antaae, K. Zrx/. niul b. btouTWiTZ have* e*ontributeel valuable re*- 
seareluvs t»n tlu* atlseu’ptiem of pt)isonH (ph(*nol, stryelmintuvnd various 
potHons, nraelnudysin) by animal charcoal which prove*el t.e> be* in some 
ways t*ipnvide*nt to kaolin (bolus alba), silicic^ aehel, edudk, diatoimi- 
eeotiH <*iirt!i and bismuth subnitrate. In pratd.ie^al toxicology tlie 
results did not me*i»i e*xpe<*tations. (lons(*ciu(‘ntly, as a matter of 
luHirse* <‘idh»i<lal (*arl>on was t,e»stc»eh Habbatani actually iululiited 
till* toxie aetion td stryehnine* intrav(*ue)usly by inje*<ding simulta- 
neously 6 times the* e|uantity of eolloielnl earbem. 

Adsorption Therapy. 

I1te happy rf*Hults freau adsorption eif acids and poisons by char- 
etwl, clay, etc., l<*el to the*ir use* e*v<*n when tlu^ aciels and ikhsouh 
arose* in tlu* Inidy itS4*if. ** Adsewption th(‘rapy, ” Ho-call(‘d by lacirr- 
wiT/,, was aceorelingly introdue*<*d as a therapenitic iireKualurc. It 



364 


COLLOIDS IN BIOLOGY AND MEDICINE 


can, indeed, look back upon an honorable and ancient past. Dios- 
coRiDES recommended kaolin (bolus alba) as a dressing for erysipelas, 
poisonings and many other conditions. Throughout antiquity and 
the middle ages adsorption therapy retained its reputation until 
modern chemistry, which could not explain its action, delivered its 
quietus and looked derisively on some nature-therapeutists who em- 
ployed it (Claypastor, Father Kneipp). Stumpf deserves credit for 
having retested the clinical advantages from the use of kaolin, which 
as a therapeutic measure had been forgotteno 

The scientific clinical apphcation of adsorption is the product of 
the past year. During the war with its severe enteric infections 
(cholera, dysentery, typhoid) it has triumphed unexpectedly. 

In addition to kaolin and sihcic acid (prepared by the Gesell- 
schaft fiir Electroosmose) charcoal has been employed most. Char- 
coal has yielded good results in stomach conditions (hyperchorhydria 
and fermentation), and also in obesity cures it has been employed by 
Lichtwitz who removes by it the important ingredients of the 
chyme (acids and enzymes, see p. 329), and fills the stomach so as to 
satisfy the distressing pangs of hunger. Gastric hypersecretion is 
also treated by gum arable, starches, bismuth subnitrate and talcum. 

In the serious infectious intestinal diseases, cholera, dysentery and 
typhoid, as well as in the gastrointestinal diseases of infants, kaolin 
and charcoal act not only by adsorption of toxins produced by the in- 
fectious agents but also by the adsorption of the bacteria themselves. 

Finally we must mention the original use of kaolin and charcoal, 
in purulent and dissection wounds as well as in catarrhs (vagina and 
nose) and in exuberant carcinomata. The action is the same here as 
in the intestmal infections. Naturally, only sterile preparations are 
employed in modern surgery. 

A further advance has been to impregnate charcoal with drugs which 
are then gradually yielded. A good effect was obtained in typhoid with 
iodine and thymol. A preparation of charcoal impregnated with sul- 
phur (eucarbon) is used as a mild laxative which at the same time re- 
lieves flatulence by adsorption of bacteria and putrefactive material. 

Dermatologists employ powders extensively for a cooling effect. 
Obviously the powders absorb the water which emerges from the 
skin and as a result of their surface development accelerate evap- 
oration; to a certain extent they amplify the skin surface. Good 
results may be obtained on burns and inflammatory edemas with 
thick layers of kaolin. A cooling (febrifuge) effect may be obtained 
according to P. G. Unna*^ by painting the entire body with a thin 
layer of gelatin or collodion; this effect is explained by the mag- 
nification of the body surface (see p. 355). 
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Tim. mirmrmms itdmludion of colloids has achieved great iin- 
IKHiatice through tluu'aiHHitic uh(‘ of colloidal ni(d.aLs (see below). 
Oilier apparently cpiitt^ iudifTcavut Huspcaision colloida have a very 
IKnverful action wluai iutrodu{‘CHl into the blood vc'shcLs. One or two 
ecaiu of a kaolin suspension injected intraviaiously into a guinea-pig 
induce a viokait nnudion with more or k^ss rapidly fatal tcnnuination. 
FiiiKinmiiUKii and Ihonkor.^ demonstrated that this could not be 
attributfHi to emboli but that tlu'. toxic action dc^pends on the adsorp- 
tion of vitally important constituents of (‘cdls (analogous to the 
ilestruction of blood t‘orpusck‘s and bacteria in vitro, see p. 200). 

Sizing'* tlie find against (’hilblains and sevens freezing is an ancient 
lanisehold naniHly whicdi rtHH‘iv(sl nuuavcHl att(>ntion in th(‘. winter 
cmmiiaign of 1911 1915. At pmstmt, th(*re is no satisfactory explana- 
tion of its acdion. [liAViass hjis recommcmded intravenous adminis- 
tration of gum arable scilutions in shock to iiuuease the blood pressure 
aftt*r hemorrhagt\ Dkoaonav rt'jKU’is favorably on its use, Tr.] 

'Fhe piHHiliar (dTi'ct of gelatin on tht' (‘oagulation of blood is still 
uni^xplainiHi. In m»vere hemorrhages, purpura haemorrhagica and 
hemo|ihilia» gidatin is given internally (15 to 20 gm. daily) as wtdl as 
HubcutaiuHiusly. Whether a colloid reaction occurs, or whcd-luT the 
clotting of fibrin is favonnl by tlu» calcium coutaiiuHl in the gidatin is 
still an o|H»u (luestiom 

Colloidal Metalsd 

If wt^ t»xi’ept the usi‘ of fimdy iunulsifuHl mercury in the form of 
blue ointment, tin* intHHluetion of colloidal silviT by CUmnr')**' in 1896 
was the first insiarn’e of the tanployment of a colloidal mv.tiil be<!aus(^, 
<if its eulloidiil nature. It was (puti* natural them to test other col- 
loidal metals, mercury, gold, platinum, rd.c. Tim Fn^uch have been 
eH|WHnally industrious in the study of the* biological a(‘tion of (jolloidal 
nudalH (liibliography givtm by Htouku’*'), Init tlu^ comprchensivi^ in- 
vestigations of the Italians, M. Asooni and ('1. Izah* as well as E, 
Fiiintiuu* and IhiKTi,* anticipated them in showing that in all prob- 
ability the action of inorganic hydrosols in tludr main baitun^s was 
file same as that of tin* f*orrt^sjHmding salts or of caanplt'X mc'tal 
sidts, Halts with the cations concermsl have* in suitabki usually 
very small, dosage, an i‘fTiH*t similar to thc^ a(‘tion of thc‘ hydrosols. 
This conclusion wie^ ilemonstrati'd by th(‘ (^xfx^riments of P. Pohtio* 
as well as (>, ('iKoh and J. M. O’Connor,'^ Init it was first placed on a 

^ A i»ful rl^Wfii^ t»f the iiicthads tif prepiirntien and of the proix^rties of eob 
loitlal niiiids tnay he found irt d'li. HvsnHSito, I)ie‘ Methodiai z. IlerHielhmK 
Kolloitler anorgiiiuselier Stiiffe (d'h. Stt^inkopfT, Dnwlen, lUH)). Thc^ 

older met htwb are eotUainetl in the lit tl<^ work tif A. Isrn'KioioHHU, AnorganiHchc 
Kolbide (FenL l^ike, Htuttgart, IIHH). 
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scientific foundation by Th. Paul. He demonstrated that colloidal 
preparations of silver split off silver ions in aqueous solution and in 
such quantity that the blood is saturated with silver ions because it 
can take up very few of them by reason of the NaCl it contains. In 
these investigations the interesting fact was disclosed that the various 
colloidal silver preparation behaved differently when diluted in aqueous 
solution. The Ag ion concentration diminished when protargol is di- 
luted; it remains constant with sophol and increases with lysargin and 
collargol. This explains the difference in their therapeutic application. 
The remarkable fact that the concentration of Ag ions increases with 
dilution is paralleled in complex substances as well as in mixtures of 
the weaker acids and their salts (increase of H ion concentration). 
According to 0. Goos the action of silver nitrate and silver iodid is 
to be attributed to the silver ions and complex compounds. 

Heretofore colloidal metals and their compounds were employed 
solely in aqueous solutions; recently, however, metal organosols have 
achieved therapeutic recognition. Employing lanolin as a protective 
colloid, C. Amberger has prepared many colloidal metal solutions. 
We have interesting publications concerning lanolin solutions of 
palladium hydroxyd sol (trademarked leptynol). M. Kauffmann 
employed it successfully in obesity cures. It acts as a carrier of 
hydrogen, increasing oxidative processes which are deficient in the 
obese. Certain psychoses which may be traced to similar causes 
seem also at times to be favorably influenced (W. Gom). 

Silver hydrosol of all the metal hydrosols has been the most carefully 
studied; the other hydrosols show great variations in some respects. 

According to G. Izar,*^ even the Macedonians covered wounds 
with silver plates, and in parts of Italy erysipelas is still treated in 
the same way. In the United States, silver foil is employed in some 
hospitals to seal open wounds (R. Hunt, Washington). Crede at 
first employed Carey Lea's colloidal silver. Manufacturers soon 
began to make colloidal silver preparations which are sold under a 
great variety of names. Among the best known are Argentum Col- 
loidale Crede, which is sold as Collargol (von Heyden). It is pre- 
pared by the reduction of silver nitrate with ferric citrate; a dextrin 
probably serves as the protective colloid. In the case of Lysargin 
(Kalle) a sodium lysalbinate serves as protective colloid. Electrar- 
gol and Argoferment are made by electric pulverization in the presence 
of a stabilizer (probably gelatin). According to J. Voigt the linear 
diameter of the particles in various commercial preparations varies 
between 14 and 26 /x/z. 

M. Ascoli and G. Izar prepare their hydrosols according to the 
method of G. Bredig (pulverization of silver, gold or platinum elec- 
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hy (‘leririt* ar(*s uiultT waU^r). lliey .stabilized some of their 
HolutiouH with pore ij^elatiu. 

Si!u*c‘ (hiKorVs puhlit‘atiou the literatim^ ou th(‘ a(‘,tiou of colloidal 
HilviT hits btHsmie extremt‘ly exteiisivis and the n^sults are very coii- 
triuhciory. It was at imi csnploytsl iu st^pliecsnias, l)y some, with 
profcusedly gcHwl n\sultH, aud by otlu^rs without auy apparent iriflu- 
eniH\ I havt* jHS'Houally iutervi(av<‘d many praetitioius's of nunli- 
eine un tlw aetitui i>( colloidal silvcT aud hav(‘ found among tlu^m 
minilar ci^ntriuhtdions. Home wtw euthusiastit*. advocates of col- 
loidal silver therapy at first, but aftiT siwcTal failur(\s dropped tlu^ 
use of colloidal silver iuitin^ly. 10. Knaiuu is possibly correct in at- 
tributing a therapi'Utii* result only to a single dose. [A similar ob- 
servation lias been made in connc'ct ion with non-specific therapy by 
intravenouH injection of ty|)hoid vaccine^ in rlummatism. Tr.] He 
t*mphasi/4‘s ilic dccideii tlifT(*nmc(‘ in th(‘ hydrosols of difh'rent metals, 
HO that the hydroHol of the one nuist suital>l(‘ must b(^ siOcctcd for each 
iiulividual case. ( 'olloitl siivtT is not only said to Ih' active in general 
iidVetions. but it has been praisisl also in local proccssc^s. von 
OKrnN'OKN% who servisl in tlu‘ l{uHso-.Japan(‘s(^ war, n^eommends it 
heartily as a iltsinfetiani for wounds, (Mac^Donaou has used col- 
loiilal mangaiuw. Tv.\ 


Action on Microhrganisms. 


Theaedionof c*oHt$idal nndals on protozoa (paramecium, vorticella, 
opalina) has been studied by K. Fnarei. 
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ually decolorized by them as the gold precipitated bn the mycelia and 
stained them black. 

Earlier investigators (Ckede, Cohn, Brunner, Netter) ob- 
served only a moderate inhibition of growth (1 : 2000 to 1 : 6000 in 
the case of staphylococcus aureus) but no destruction of the germs 
by colloidal silver. Recent studies of Cernovodeanu and V. Henri * 
on anthrax bacilli, B. coli, staphylococcus pyogenes aureus and albus, 
B. dysenteria, etc., show a strong bactericidal action of silver 
hydrosol in test tubes; researches of Charrin, V. Henri and Mon- 
NiER-ViNARD * show the Same effect in the case of B. pyocyaneus. 
The size of the particles in a hydrosol is of very great importance, 
and in fact the finely granular red solutions are much more active 
than the coarser green ones; the former completely inhibited growth 
in dilutions of 1 : 50,000 to 1 : 100,000. [Jerome Alexander has 
produced especially fine dispersion by a new principle. Tr.] 

Similar results were obtained for pneumococci by CniRii; and 
Monnier Vinard.* 

According to G. Stodel,* colloidal mercury in a dilution 1 : 132,000 
inhibits the development of B. typhi and of staphylococci. 

On account of the results obtained with colloidal silver,^ as well as 
because of the lack of irritating effect and of toxicity (it was pos- 
sible to employ it in large doses subcutaneously and intravenously), 
the hopes for its therapeutic action were justified. It is remarkable 
that, instead of extensive especially planned animal experiments, 
clinical experiments which were at times favorable and at times un- 
favorable have occupied the stage. The number of times it has 
been employed clinically compared with animal experiments is com- 
paratively small, and it was tried on many hopeless cases. 

The judgment of the results depends largely on the experience of 
the clinician and is much influenced by the subjects; in short, the 
results hitherto obtained lead to nothing definite. On this account 
the indications for use are very inadequate. It is from the above- 
mentioned exhaustive researches of M. Ascoli and G. Izar * that an 
idea of the mechanism of the action of metal hydrosols has been 
obtained. [Harry Culver (Jour. Lab. & Clin. Med., May, 1918) 
found that the gonococcidal action of colloidal silver (argyrol, pro- 
targol, silvol and nargol) was diminished in vitro by aging the solu- 
tion by light and by heat. He also found that the gonococci became 
resistant or adapted to a particular preparation by growth in its 
presence. This was not a resistance to the other colloidal silver 
preparations but specific. The importance of the protecting sub- 
stance is evident from this experiment. Tr.] 

^ According to Stodel also, colloidal mercury is less toxic than mercury salts. 
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Ferments. 

Ferments are much reduced in activity by the salts of heavy 
metals. Since a parallelism has been shown to exist between the 
toxicity of colloidal metals and that of their salts, it was expected 
that the colloidal metals would exert a powerful action on ferments. 
It is a remarkable fact that the colloidal metals proved to be more or 
less indifferent. 

The digestion of albumin by pepsin, the digestion of gelatin by 
trypsin, the coagulation of milk by rennin, the cleavage of fat by 
pancreatic steapsin and lipase, the fluidification of starch by pan- 
creatin and takadiastase were uninfluenced by colloidal silver (see M. 
Ascoli and G. Izar*). 

L. PiNCUSsoHN* examined the following substances for their in- 
fluence on digestion with pepsin: chemically prepared hydrosols of 
silver, selenium, gold, copper, bismuth, mercury (Hyrgolum) and 
arsenic; and electrically pulverized preparations of silver, gold, 
platinum, mercury and bismuth. In no case was the activity of 
pepsin increased, but it was diminished by large doses, and least in 
the case of hydrosols obtained by electrical pulverization. 

E. Filippi * was unable to obtain any effect with colloidal metals 
(Au, Hg, Cu, Ni, Pd) upon fermentation in the case of yeast, pepsin, 
trypsin or rennin. 

Small quantities of silver hydrosols, on the contrary, activate the 
diastatic ferment of the liver and of the blood serum. 

According to H. J. Hamburger, the action of staphylolysin, the 
hemolytic excretion of staphylococci, is inhibited by collargol. Ac- 
cording to W. Weichardt, colloidal platinum and palladium neutral- 
ize fatigue poisons. 

In vitro, C. Foa and A. Aggazzotti were unable to demonstrate any 
action of silver hydrosol upon toxins, but they could if it was in- 
jected into the circulation immediately after the toxin. 

0. Gros and J. M. O'Connor obtained divergent results for the 
decrease in the strength of tetanus and diphtheria toxin produced by 
collargol. 

Autolysis. 

In marked contradiction to the inactivity of silver hydrosol on 
most ferments is the very considerable influence of metal hydrosols on 
the enzymes of autolysis. If any organ, the stomach, liver, spleen, etc., 
is kept, especially if kept at body temperature, changes occur in it which 
finally lead to a softening and decomposition characterized by a more 
or less extensive cleavage of the albumins, nucleins, etc., involved. 

This decomposition occurs even though the organ is absolutely 
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sterile, so that incidental bacterial growths are not the cause; it is 
brought on by a series of different enzymes each of which has a definite 
function, and the process is called autolysis or autodigestion. 

All the hydrosols investigated, namely, those of silver, gold, plat- 
inum, mercury, palladium, iridium, copper, lead, ferric hydroxid 
and aluminium hydroxid have the ability to assist autolysis; M. 
Ascoli and his coworkers, by separately investigating the resulting 
products, were able to determine the action of the individual enzymes. 
For instance, the liver of a recently killed animal was cut up into small 
pieces and passed through a sieve; it was then diluted with water and 
distributed in a number of sterile vessels with 1 per cent toluol to pre- 
vent putrefaction. In one sample the albumins were immediately 
coagulated, and the total nitrogen, as well as the individual nitrogen 
fractions, determined. Varying quantities of metal hydrosol were 
added to the remaining vessels and they were kept for 72 hours at 37° C. 

Each portion was then tested for 

1. Total nitrogen (according to Kjeldahl). 

2. Nitrogen (as monamino acids). 

3. Purin-bases (according to Salkowski). 

4. Albumose-nitrogen (according to Baumann and Bomer). 

The difference between the total nitrogen and the sum of the other 
values gave the quantity of nitrogen present as diamino acids, peptone 
and ammonia. 

In general, there is an accelerating action on the total autolysis 
as well as on the cleavage of the nucleins, and the formation of 
monamino acids; though there are considerable quantitative dif- 
ferences between the different hydrosols. For instance, minimal 
quantities of Ir, Hg, Cu and Ag favor the autolytic process in 
general, yet decidedly larger quantities of Pb, Au, Pt and Pd are 
required for this purpose. The same facts hold for the formation of 
monamino acids. Small doses increase, while larger quantities of 
hydrosols interfere with the cleavage of nucleins; however this 
does not hold true for silver, platinum and gold hydrosols. Under 
ordinary circumstances the uric acid formed during autolysis is 
broken down still further by a uricolytic ferment; the action of this 
ferment is inhibited by silver hydrosol. 

Though there is no difference between the action of stabilized and 
unstabilized silver upon autolysis, such a difference was noticeable after 
the addition of defibrinated blood. Defibrinated blood interferes with 
the acceleration of autolysis due to unstabilized silver hydrosol, but 
it does not do so in the case of the stabilized hydrosol. 

This observation is also of great interest in connection with the 
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tlHH>ry of praiteiitr colloit{,s, A priori \V(^ would be justified in be- 
liiwiug tluit no diflc‘r(‘n(*(' (‘xists between stal)ilized and unstabilbed 
metal hydrosol^ but tluit a stabilization could l)e produced by the 
dissolvt'd alinimins t)f the hasln^d or^an or of tlu' added l)lood. The 
alH)Vc‘ t*xamph‘ indit*at(‘s tlit‘ dt'li(*at(‘ adjustinents in tlu' in(H‘.hanism 
ol cH)lloid prote(*ti(ni. jDinVrent substaiu'.es may compete for the 
proleetta, thus establishing ** preft^riaitial proteediou. Tr.J 

It is interesting to uott* in additi(»n, that the abov(‘ inv(‘stigators 
fountl that minimal tracers of prussit* a(‘id, mt'nmric (dilorid and 
eyauiil, arsimious atud and (‘arbonit* t>xi<l had as toxic an effect on the 
aut(dytie action of silvti' hy<lrosol as \ipon its ability to split hy- 
dnjgtii peroxule, d'his ju'uet'ss which was (‘xhaustivady studied by 
(b Btmnn* may be madt* to r<‘gr<'ss so that th(‘ medal hydrosols may 
** rectiV(*r. " idemtical ediservation was mad{‘ by M. Aseon and 

(}. IzAH in respend to the* atitolysis by ])oisomHl silv(‘r hydrosoL 

llydremeds of silve*r, h*a<l anel nus’cury have* the al)ility to 
dissolve nnl bltuHl eorpusedtss, wh(dh(*r the* hydrosols are* stabilize'd l>y 
gelatin en* ne»t (M. Ase’oia It is also inte'rt'sUng to lewn that pun^ 
piAVtlere*d silve*!* exiusees heanedysis, thoiigh this proeaaals veay slowly. 

Tile* same* silver p(m‘de*r wlu*u n*p(*at(‘dly useal for heanolysis b(‘- 
rome*8 inactive*; st*rum inhibits h(*molysis by silv(‘r. 11. Bioohuoli)^ 
obse*rve*d that a elnep of nu'rcury caus(‘s strong lu^molysis, which 
serum elid imt inhibit, Ib* also obseanaal luanolysis with nudallic 
l(*ad. tliemgh tliis was nmch we*aIaT tlian in the* case* of rne^reairy. 
Metallic’ copper hard(*ns the* e*rythrocyt(*s. 

Boisems dti lud inte*rf(*r<* with the* action of silve*r hydrosol. 

It is n<*ec*HSHry in tlu'st* (‘{Y(*cts to distinguish b(d.wc'(*n tlie^ specific 
activity the* me*tnl involv(*tl anel the* ge‘ne*rie‘ ae‘t,ivity elue* te) the 
{!e*ve*leepmead surfaea*. II(‘medysis is indue‘e‘d by epiite* inelilTerent 
suspensions, by katdin (hhiiHonKiuiKH anel his pupils) as we*ll as by 
liarium sulphate* and calcium Iluoriel ((). (iKNeie)u). Such heanolysis 
is inhibttt*el by se*nim. 

Afti*r Acuaho and H. Wmnn, as well as A. Robin atiel K. Weill, 
haet sludietl the influi*nct* of colloidal silv(*r, anel (». STe)i)EL‘' hael 
Htudied the* inl!ut*ncc* ed (‘olloidal me'rcury ui)e)n e‘rythroeyt(‘ pro- 
eluctieUL K. FiLiccL and lat(*r Be Fifivun OE Ahuh’, e*arrie*d the*se in- 
ve'Htigatiorw fiirt!ie*r anel e*xtc*nel(‘d theun to e)th(*r med.al hyelre)sols. 
Tilt* re*sults in brie*f slunv tliut tlu* re*d ble)oel (‘orpusedess are* at first 
tliminislied te» a gr<*ate*r e*xtent than the* white*. Late*r the*re* is a. (a)n» 
sieieralde im*ri*usc» of ladli re*d anel white* blexal e*orpuse*le*s. Afte*r ilie* 

* Art yt*t imnnhliHlNnl. 

'Hit* fjw’t tii.Ht t f Stooki, did ohseavc* heniiolynirt of dog'.s blood with (*l('(d.ri- 
eidly pulvorizenl colloidn! i!it‘r('ury i.sre‘iiuirkubl(*,2md <lt*rtcrv(*H furtlu‘r invesst ifi;atitHi. 
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prolonged injection of hydrosols the red blood corpuscles arid the 
hemoglobin are somewhat increased, but there is no noticeable in- 
crease of leucocytes. Silver, copper, manganese and mercury prove 
most active; platinum, palladium, gold and nickel are much weaker. 
Identical results are obtained with small doses of the salts of these metals. 

This does not completely accord with the results of 0. Guos and 
J. M. O’CoNNOE,* who observed an immediate increase of the polynu- 
clear leucocytes just as occurs after the introduction of any other 
foreign substances. 

Very noteworthy is the observation of Filippi, that colloidal silver, 
copper and mercury introduced into the circulation markedly in- 
crease phagocytosis. 

The following table obtained with slightly different experimental 
conditions on rabbits illustrates this: 


Phagocytosis op Aleuron and Carmine. 


Normal. 

Ag. 

Cu. 

Hg. 

Pt. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

3.12 

27.50 

17.80 

38.00 


5.20 

37.80 

40.16 

16.10 

8 120 


Le Fevre de Arric found, on the contrary, that this assumption 
could not be generalized. In experiments with silver hydrosol 
(electrargol) he found in guinea-pigs an increase in the phagocytic 
activity for colon and typhoid bacilli; in rabbits there was a diminu- 
tion for typhoid bacilli. In both guinea-pigs and rabbits there was 
an unfavorable effect on the phagocytosis of pyocyaneus and staphylo- 
cocci. 

Metabolism. 

Naturally, the processes occurring in the living organism are far 
more complicated than in the individual organ elements or in the 
dead organ. However, since there were obtained from the study of 
autolysis viewpoints for the action of hydrosols on the disintegration 
of nitrogenous constituents, the investigation of the nitrogen change 
in the living organism offered a prospect of profitable study (M. 
Ascoli* and G. Izar,*^ Filippi and Rodolico). 

For this purpose bitches were fed entirely on bread made from 
wheat or rye flour. The total nitrogen in the feces was determined, 
and in the urine the total nitrogen, the urea nitrogen and the uric acid. 
In a previous series of experiments with men, hke determinations were 
made (excepting of the N of the feces) as in the experiments under- 
taken on rabbits by E. Filippi and Rodolico. Metal hydrosols were 
administered intravenously. The results were concordant. 
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The result of the experiment was as follows: unstabilized silver 
hydrosol (prepared according to G. Beedig) as well as collargol had 
no action in small doses. Silver hydrosol (prepared according to G. 
Beedig), stabilized with gelatin, increased the nitrogen metabolism; 
the nuclein metabolism was chiefly affected since there resulted a 
decided increase in the elimination of uric acid in the urine. Sil- 
ver hydrosol stabilized by gelatin has a more powerful action than 
the corresponding quantity of silver nitrate, silver thiosulphate or 
silver albuminate, which exert a qualitatively analogous action. 
On the other hand, the N elimination in the feces is decreased. 
Mercury and lead hydrosols have a similar effect, differing only in 
the time curve. Large quantities of collargol also increase the uric 
acid excretion. 

Temperature Curve. 

The injection of a few cubic centimeters of silver hydrosol causes 
a rise of temperature of varying but usually brief duration (M. 
Ascoli and G. Izae*) ; on the other hand, the unstabilized hydrosols 
have no observable effect on temperature (Bouegougnon*). This 
corresponds with the observations on autolysis described above. 


Distribution. 

Finally, we must inquire, what becomes of the injected silver 
hydrosol. This has already been investigated, at least as far as con- 
cerns collargol injected intravenously. G. Patin and L. Roblin * 
found it chiefly in the liver but to a less extent in the kidney. They 
contend that there occurs a concentration and gradual excretion 
through the kidneys. S. Bondi and A. Neumann showed that col- 
largol as well as other indifferent suspensions (india ink, fat) dis- 
appear from the circulation wdthin 1/2 to 1 hour after intravenous 
injection and are temporarily deposited in the liver, bone marrow 
and spleen. It is the star cells of von Kupffee which chiefly take up 
these suspensions. 

J. Voigt contributed especially accurate researches. He traced 
the fate of the stored silver in the more important organs by examin- 
ing microscopic sections in the ultramicroscope. Of his findings let 
us emphasize particularly that it made a difference in the distribution 
of the silver in the individual organs whether the animal was over- 
whelmed by a single large quantity of silver solution or smaller 
repeated doses were injected. There were definite differences in the 
pictures obtained with different colloidal metals and metallic com- 
pounds. According to personal, hitherto unpublished communica- 
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tions from J. Voigt the silver is precipitated at the site of injection 
after intramuscular injections and in the peritoneum after intra- 
peritoneal injections, whence it is gradually transported to the internal 
organs. It is still an open question whether the transportation is 
purely mechanical or results from solution and reprecipitation. 

Therapeutics. 

It is obvious from the preceding statements that metal hydrosols 
may, from very different causes, exert a therapeutic action. In in- 
fectious processes we may imagine that there is a direct action on 
the excitants of infection; although this may be due to an indirect 
action inasmuch as the hydrosol stimulates the formation of anti- 
bodies and phagocytosis, or it may injure the infecting organisms by 
intensifying metabolic changes in some way. 

In view of G. Bredig’s experiments on the catalytic action of col- 
loidal metals, a catalytic action of metal hydrosols which produces 
effects similar to the ferments in the living organisms has been 
frequently suggested. Personally, I prefer to leave undecided 
whether such an expression as catalytic action has any real mean- 
ing in this connection or whether it is nothing but an empty word. 

We shall merely mention here the experiments with colloidal mer- 
cury, which has been chiefly used in syphilis and shows a specific 
action similar to that of other mercury preparations. 

Animal Experiments. 

In the case of silver hydrosol there exist many experiments of 
C. Foa and A. Aggazzotti.* They infected rabbits with staphyl- 
ococci and after an hour injected 30 cc. of a red silver hydrosol, 
repeating this several times. In this way they delayed the death 
of the animal from 1 to 3 days but recovery was not brought about. 

In infections with diplococci and typhoid (in dogs) the animals 
could be kept alive with injections of silver hydrosols. In the latter 
instance this was even possible when the silver-hydrosol injection 
was given in doses of 5 cc. intraperitoneally as late as 12 to 24 
hours after the injection of the microorganisms. 

The same authors found that silver hydrosol has no effect on 
toxins in vitro, whereas it inhibits the toxicity if it is injected imme- 
diately after the toxin. From this they concluded that silver hydro- 
sol activates the oxidizing ferments of the body. 

Charrin, V. Henri and Monnier-Yinnard * speak very guard- 
edly concerning their therapeutic results, and characterize them as 
‘'very promising.’’ Chirie and Monnier-Vinnard * experimented 
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with piu*uiacKHH‘(*i (m wliiiv rats and Tlu^y ohtaiiUHl at tunes 

a n*tanlatiuu tht‘ disease^ proet^ss and in individual instances they 
aiii‘|i^e a eurt^ iw int^aus of sihaa* iuj(M‘tiuiis. 


Clinical Experiments. 

r sliall pass ovtT the majority of (‘xpca-inuaits wlii(‘.h, becauise of 
tlunr limiUHl st‘ope, art' wiilumt si|*;uiti<aine(‘ and fnapieutly (‘ontra- 
di(‘toryj and shall cmly r(‘gard such n^sults as an^ unimpc^achable. 
To all appi‘arancc*s, (uily (^xp(‘riIn(alts p<‘rfornuHl with a stabilized 
Hilv(T liydrost)! hav(‘ practical valin*. 

The list* of silv(*r hydrosol, as collargob in sc^pticcania and pycania 
is most fnspnait and best known. It is usually used as an intra- 
Viaious injection, at times as an ointnuait or an tauana. If tlui 
numerous (*ase histori(*s* are n^vitavtsl, two pluaioimaia ar(‘ prom- 
imait: tlie fall in tenpieratun* and tlu^ subjeattive* improvcancait 
of th(‘ patient which follow s(*V(a’al hours afUa* tlu^ application is 
given. In <’outrast to this it is hardly possibh^ to dt‘t(‘rmin(i to 
what (‘xttaii th<‘ dis^aase process is inthuauaal. Th(‘ (‘(T(‘c.t of silvcT 
hytlrosol on pneununha has Ixaai stinlital most thoroughly. (J. 
Ktiknnk* aiul .1. ('avaiuah obtained good n^sults; th(‘ rapid defer- 
vt‘sc{aic{* is also tlu* most significant fact luau^ (J. Izar"*” tnaikal 
2H (‘as(*s of pneumonia with silvaa* hydrosol atid sev(a‘al witli plati- 
num ami iridium hydrosol; no <lilTer(aic(‘ w'as uot(*d Ix'twcaai th(i 
Ag, Pt and Ir. 1’hes(* thoroughly studiiMl cas(‘s gav(‘ tln^ following 
rt'sults: tlie (*ours(‘ of tin* pneumonia pnxu'ss scxaiis in g(aua'al to 
have* lx*en favorably inflmaiced though it was hardly possible' to at- 
trilxiti' this to a spt‘(*ifi(* ac'tion upon tlu' infectious proce'ss, but 
ratlit'f to tlu' amc'lioration <if the symptoiiis. As in tlu' (uise^ of 
h(*altliy imlividuals, in a pm'umonia path'ut a rise' of te'mpe'rature', 
whi(*h n*ac’!i<'s its maximum in about 4 hours, follows the^ inje'cdion 
and this is followexl by a H(*V(‘r(^ rigor, whi(4i is succ('(‘d(‘d by 
profuse' HWe*atiuganel a rapid te'Uipe'rature' fall, “enitie’al in charaeder, 
liowevc'r, it cannot be' tcrme'el a crisis.’' 'Phe' subje'ctive' improvertnait 
of the^ patie'iit is ediarae'te'ristie* e)f the* ae*tion e)f silve'r hydrose)!. 

The* brie*f pe'riexi of oppre'ssiou anel anxie*ty whie*li acexxnpanie's 
the rigor is Hue‘cex*eh*d whe'U the tempe'rairure* falls by n fe'e'ling of we'll- 
Ix'ing ex* e'upliciria. C'ardiaeuind rc*tial functioning are not a{fe*(d.e*d, 
nor is tlu*re' any ae*tion ein the* e‘e)urs(* of tin* |)n(*.umonia processs as far 
as may Ix) d(*t<*rminc*d from a (‘hange in the* c*xere‘tion of (‘hloriels. 

* A vc*ry cotnpleXe bihliograr>hy is givexi by Wkishmann, til)eir Kollaxgol. 
Tbe*rixHnit. Aug., llK)5. 

Me'xticxxH! by fscovKse’o, Pre'SHe* Mctlicale*, May H, 1007. 
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G. IzAR reaches the conclusion that “the regular use of the injections 
shortens the course of the infection and seems to make it more favor- 
able.^^ 

It was mentioned at the outset that the number of infectious 
diseases in which silver hydrosols as well as other metal hydrosols 
were employed is very great, and the opinions of the results very 
divergent; silver hydrosol, and at times platinum-hydrosol, have been 
employed in inflammatory rheumatism and erysipelas, in typhoid 
and para-typhoid, in appendicitis, furunculosis, phlegmons, anthrax, 
cerebrospinal meningitis, and scarlatina, dysentery and diphtheria, 
etc. As in the case of the diseases previously described, it affects 
the temperature curve though at times only temporarily, and there 
is frequently no influence on the patients subjectively. 

I have not as yet discovered in the literature any published cases 
of the use of silver hydrosols in tuberculosis; if they exist they are 
probably isolated instances. The reader may well get the impression 
that there do not exist for most diseases such thorough studies as G. 
IzAR^s in pneumonia, and that on this account th'^. records of metal 
hydrosol therapy are incomplete. 

Mercury. 

Mercury has been used for centuries in syphilis. Since metallic 
mercury as such, as well as in the very finely emulsified form of blue 
ointment, is absorbed by the organism, there is no reason for expecting 
a very marked difference to result from the colloidal solution. 

The chemical firm of von Heyden manufacture a mercury 
hydrosol called Hyrgolum and a mercurous chlorid hydrosol called 
Galomelol, which may also be employed for inunctions. 

Sulphur. 

For some time a water-soluble sulphur hydrosol has been intro- 
duced into medicine and employed in skin diseases. Its action 
depends on the method of introduction since sulphur is reduced to 
the highly toxic hydrogen sulphid in the organism. The lethal dose 
for a rabbit weighing 1 kilo, according to L. Sabbatani, is 0.0066 gm. 
of colloidal sulphur intravenously (death is immediate) , whereas death 
occurs only after several hours when 0.25 gm. is introduced into the 
alimentary tract. The action also depends on the kind of animal; dogs 
are much less sensitive to sulphur than other experimental animals. 

The reduction and consequently the toxicity depends on the physi- 
cal condition; it is most intense in colloidal, less in amorphous, and 
least in crystalline sulphur. Moreover the toxicity is directly pro^ 
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portional to the dispersion. J oseph recommends sulphur hydrosol in 
diseases of the skin. 

Phosphorus, Arsenic, Antimony. 

Of all the complicated phenomena caused by these three sub- 
stances in different doses, there is only one which can be considered 
colloid-chemically. Phosphorus, arsenic and antimony greatly influ- 
ence metabolism. Whereas arsenic and arsenic salts inhibit liver 
autolysis even in small doses, minimal doses of arsenic trisulphid 
hydrosol favor it. Small quantities of the latter preparation activate 
and larger ones inhibit the uric acid forming ferments in liver autol- 
ysis (M. Ascoli and G. Izar*). 

Phosphorus, arsenic and antimony inhibit oxidation processes. In 
minute doses this results in an increased constructive activity; its 
effect may be compared with slight oxygen need, such as occurs at 
high altitudes. In larger doses the toxic action comes to the fore- 
ground. The metabolism does not reach its end product, weak car- 
bonic acid, but there are formed the intermediary stronger acids 
(lactic acid, glycuronic acid, etc.); the difficultly oxidizable fats are 
no longer normally attacked; there is a fatty degeneration of the 
glands (liver, kidneys), subcutaneous tissue and in the peritoneum 
and all the organs successively. [It is more probable that there is 
a change in the aggregation of the fat globules as the result of these 
poisons (breaking of emulsions). T. Brailsford Robertson has 
recently presented this view, and he refers to the fact that Gay and 
Southard observed the loading of the gastric epithelium with visible 
fat globules in animals which have experienced anaphylactic shock. 
Science N. S,, Vol. XLV, No. 1170, p. 568 et seq, Tr.] It is upon 
this very retention of fat that the therapeutic employment of arsenic 
depends. It has been recognized a long time by the arsenic eaters 
of Steiermark and by breeders. [This may be due to the destruction 
of the protective action of an emulsostatic substance. Tr.] 

With toxic doses, when the formation of stronger acids instead of 
weak carbonic acid occurs, there must results an increased friction of 
the blood in the capillaries. As a riiatter of fact circulatory disturb- 
ances are among the most characteristic phenomena of phosphorus, 
arsenic, antimony and lead poisoning. Generalized dropsy” (edema 
resulting from acid formation in the tissues, see p. 208 et seq.) is a 
symptom of chronic arsenic poisoning. 

We must also regard the '^capillary paralysis” due to arsenic 
as caused by an increase of the viscosity of the blood at the inter- 
faces. It must be specially emphasized that these statements are 
only working hypotheses. 
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Salts. 

The neutral salts of alkalis may cause injuries^ to organs or 
organ groups by reversible changes in the condition of the organ 
colloids; strictly speaking, they are not poisons. We are unable 
to produce a poisoning, for instance by the oral ingestion of moderate 
doses of potassium salts, though this may be accomplished with 
intravenous injections; under such circumstances, disturbances of the 
heart muscle and the peripheral vessels are observed. It would be 
worth determining whether these phenomena are not to a great 
extent caused by changes in the viscosity of the blood. Hitherto, 
potassium salts have not been purposely employed therapeutically 
with this in view. H. Bechhold and J. Ziegler*'"^ attribute the 
favorable action of a vegetarian diet in gout to the generous supply 
of potassium salts which hinders the precipitation of urates. 

The biological action of neutral salts has been studied chiefly 
by biologists and physiologists. We owe to them valuable contri- 
butions concerning the inhibition of irritability (see p. 274 et seq), 
the death of lower salt and fresh water organisms in changed media, 
and the inhibition of the development of the eggs of marine 
creatures. 

It follows from all these investigations that for the normal function- 
ing of the organisms, no matter whether animal or plant, high or low, 
a definite combination of electrolytes is necessary; upon this the 
normal state of swelling for the organ colloids depends. The cations 
are especially important. The monovalent cations (Na, K) are held 
in check by small quantities of divalent ones (Ca, Mg). [See Clowes, 
p. 38. Tr.] Several examples may serve to explain this. For ani- 
mal organisms a given content of Na ions is necessary, which may 
at best be replaced by Li ions. K ipns are especially poisonous because 
they change the state of turgescence of the organ colloids. Pure 
sodium chlorid solution of physiological osmotic pressure behaves as 
a poison; this was shown by Jacques Loeb on the fertilized eggs 
of fundulus heterocUtuSj a small sea anemone. He also showed 
that this poisonous action was arrested by the addition of a small 
amount of any salt containing polyvalent cations. Substances which 
were themselves very poisonous, such as barium, zinc, lead and ura- 
nium salts, under these circumstances detoxicate sodium chlorid, but 
copper and mercury salts and ferric ions showed no detoxicating 
action. K. G. Lillie observed a similar antitoxic action of poly- 
valent cations in the poisoning of the larval forms of arenicola, a sea 
annelid. Its ciliary movement is stopped by pure Na and Li salts 

^ These questions are treated in Chapter XVII. 
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since the cilia dissolve. This injurious action is stopped by poly 
valent cations. 

Interesting in this connection are the experiments of Wo. Ost 
WALD on the vitality of the sand flea (gammarus pulex) which lives ii 
fresh water. It survives in sea water three or four days but in ^ 
mixture of four-fifths sea water and one-fifth distilled water, it live 
almost as long as in fresh water. If each constituent of the sea wate 
is successively removed, the toxicity of the remainder rises, that i; 
the duration of life diminishes in the following order; 

NaCl + KCl + CaCh + MgS 04 + MgCh 
NaCl + KCl -h CaCh + MgS 04 
NaCl + KCl + CaCh 
NaCl + KCl 
NaCl. 


According to W. J. V. Osterhout what has been demonstratec 
for animals is equally true for plants (algae, grains, liverwort anc 

moulds). The fresh water alga, vaucheria sessilisj is killed in ^ 


NaCl solution but continues to grow if a trace of calcium chlorid ii 
added. According to Chas. B. Lipman the dry weight of rip< 
barley was increased if CaS 04 was added to a culture containing 
sufficient sodium sulphate to be harmful. In this case as with cul 
tures of bacteria, the antagonistic action of the cations play ai 
important part. 

Though we employ physiological sodium chlorid solution in manj 
experiments for the maintenance of isotonicity, it is merely a make 
shift, and on this account there have recently been introduced solu 
tions which, as well as being isotonic, have a composition similar t< 
the blood (Ringer^s and Adler’s solution) and thus maintain iti 
normal state of swelling. [More recently McClendon’s. Tr.] 

All these solutions contain the divalent Ca ion. We have indi 
cated on page 70 how we believe its detoxicating effect is brough 
about; it opposes the swelling due to monovalent ions (Na, K) 
And it is usually assumed that the ^Hanning” is limited to the plasrnj 
pellicle. 

Though the cations are of major importance in balanced’ 
combinations of salts, the anions are not without significanc< 
(J. Loeb). 

As was mentioned previously, the toxic action of the neutral salts 
is, in general, reversible. On this account the question arises 
whether their action is due to a solution or an adsorption phenomenoi 
by the organ colloids. Wo. Ostwald decided the question in favo 
of the latter view. In the adsorption equation (see p. 21) in 
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cc 

stead of -- (concentration of the salt in the dispersed phase) he 
m 

placed 7 , in which t = length of life; 7 is accordingly the toxicity. 

1 

The equation becomes = fc. Wo. Ostwald experimented with the 
V 

sand flea mentioned (gammarus pulex) and with another small crus- 
tacean (daphnia magna). He placed a given number of them, e.g., 
twenty-five, in a definite quantity of water (100 cc.) of different salt 
concentration and every two minutes he observed how many had 
meanwhile died. It was evident that the zero point of the adsorp- 
tion curve must be placed to coincide with the normal salt con- 
tent of the organism, and that either a dilution or a concentration of 
the surrounding water is toxic. This must be expressed in the ad- 
sorption equation. Accordingly, the toxicity formula for neutral 

1 

salts, when their concentration is increased, is = k; in 

(c - n) - 
P 

this case n is the quantity of salt normally adsorbed in the tissues. 

For the toxicity of subnormal salt solutions, the adsorption for- 
mula becomes i • C — = A. Wo. Ostwald calls the latter the 
t p 

^^formula of leaching.^^ Observed and calculated results agree quite 
well. 

A peculiar place is occupied by potassium iodid and iodin com- 
pounds. With all of them, the “iodin action^' is the most im- 
portant; we may even assume that the iodin of nonelectrolytes 
finally becomes an iodin ion. The emaciation caused by its pro- 
longed internal use and the atrophy of certain glands are the most 
characteristic iodin effects upon higher animals. Prolonged use of 
iodin preparations, according to H. Meyer and R. Gottlieb,* 
among others, causes an excessive secretion from mucous mem- 
branes, which is an inflammatory reaction. Even though metab- 
olism experiments have not revealed any constant variations from 
the normal, it may be recalled that according to the experiments of 
H. Bechhold and J. Ziegler (see p. 54) potassium iodid facilitates 
the diffusion of a third substance through a jelly. All the phenomena 
mentioned above indicate a facilitation of metabolism. As was to 
be e?q)ected potassium iodid (according to E. Romberg) lowers the 
viscosity of the blood, and according to 0. Muller and R. Inada* 
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iinproven its (urtnilatiou. Tlu^ aetiou of iodiu in the functional dis- 
turl)anct‘H of arterioH(‘l(‘ro.siH nuiy I)(‘ (^xplaiiu'd by tliis property since 
Hueh disturl)aui*(\s may lu^ attril>uttHl to a faulty blood supply to the 
organs. Idu* analysis o( iliv individual fc^atun's of tiie proct^ss has 
not yet lHH‘n eomph^b'd. 

K. IiKHNot!L!a (explains i lu‘ action of laomin sails as a colloidal ac- 
tion. BromitlSj whi(‘h an* given as sedatives, induce in both man and 
beast apathy and shunlHU* as t.heir most marked (ihad-. It may b(' 
demonstraicHl that a portion of tlu* (idorin in tlu^ body is dis|)laced 
l)y bromin and tlud administration of Na(d indu(‘.('s rc'covery. E. 
Bkhnoulu has shown that th(‘ brain is more swolhm in (^piimolecular 
solutions of Nnlb’ than of Na(d. In addition he was able to restore^ 
rablats poisomal with NaBr by injecting, instead of Na(i, other 
salts wliich inhibit swtiling (sodium sulphates arid nitrate). Thus it 
is higldy })rol)al)le that- change in tlu' function of tht^ luawe. cells in- 
duct'd l)y bromids may Ih' attril^ub'd to a swt'lling. 

In the (‘usc' at th(‘ alkaline' t'arths tht'n' octair actual sixHuiic actions 
and \vv find transitions to irn‘V(*rsibl(' conditions which art' induced 
by the salts of hc'uvy medals on albumin and lipoid (*olloids. For 
iuHtau(‘i‘, barium has a v<‘ry inte'use' aedion on the h(*art and the 
vascular musculature. Of all tlu‘ anions sulphocyanid inhibits pn*- 
cipitation least, so that We). asstadcHl, a priori, that a com- 

bination of sulphocyanid and barium would ('xeud. an ('specially 
mvviT (dTi'ct. lb' maintaine'd animals uudt'r the' influences of a 
moderate sulphocyanid intoxication which, though the* heart was 
strong and re'gular, stimuhitesl the* vagus and t he' vascular ex'ntc'rs. 
In a mod(‘rat('-siz(‘d dog a tiig. of barium chlorid suflice'd to (‘ause an 
immt'diate stoppage* of the* ht*art. ('alcium and strontium salts 
acted in a similar way, but mue*h larg(*r dose's we're' re'eiuire'd since 
with thf'se* tla*re is mucli 1 c*hs spc'cifie* aflinity for he*art muscle'. 

(t NiaiHnneJ ^ and his pupils we're* able* to pre'pare* iei methyl alco- 
hol colloidal solutions and jellie*s of compoimds of cah'ium, strontiinn, 
barium and magne'sium. which are* insoluble* in wate'r, as for instane*e^ 
(!a<h (’luSCb, i'tii'ihu tin* oxalate* and phosphate* of C'a, MginH)4, 
Ba{ K)3, etc. Since' tlu'y are li|H)iekHoluble*, it is possible* tlu'.y are* of 
im|H)rtan<*e in the animal organism, (h Nhubhiuj be'lie've's that pos- 
silily tliey may eh'Vcdop in the* (’(‘lls in the* pr(»He*nc‘e' of sugar, glyce'riu 
or ('ven in tin* |>re*sc'n(‘<' of ethyl ah'ohol iei an at‘*robic re'spiratiejn; in 
myojiinton the* |)rc‘He*nc‘e* of the body coltoiels should suflic'c* to |H'rmit 
them to de'Veliip. Tin* Idood prt*ssure ede'vating propt'idie'S ot barium 
salts may ewcntnally be* utiH‘/.e*d in tin* fe)rm of colloid solutions in- 
asmue'li as such solutions elo not posHc*ss the* uneh'sira.bU' by-e'flee’ts 
of liarium salts. 
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Aluminium is the bond between the .earth alkalis and the heavy 
metals. It coagulates albumin in '' irregular series '' and under certain 
conditions the albumin-aluminium precipitates are reversible. In 
this connection, thallium coagulates the protoplasm of aquatic plants 
(spirogyra, elodea, etc.), but they recover when replaced in their 
original medium (J. Sziics). 

The soluble salts of heavy metals form irreversible metal albumin 
precipitates with albumin which either flock out immediately or, 
depending on the concentration of the salt solution, persist in the 
colloidal condition. 

For this property of the salts of the heavy metals, besides the 
valence, the electrolytic solution pressure (see H. Bechhold is 
determinative; colloid precipitation depends upon these two factors. 
The toxicity threshold of the various salts of the heavy metals 
has been arranged in series. Mathews* tested it on the motor 
nerves of frogs. Kahlenbeeg and Teue, as well as F. D. Heald, 
tested them on plant seedlings. I reproduce (from R. Hobee) the 
series determined by Mathews for the inhibition of the develop- 
ment of the fertilized eggs of the sea anemone, fundulus heteroclitus. 


Salts. 

Solution pressure in volts. 

Threshold of toxicity. 

MnCh 

+0.798 

l/in 

1/800 n 

1/12,500 n 

1/10 ra 

1/12 n 

1/15 re 

1/5,000 re . 
1/15,000 re 
1/50,000 re 
1/90,000 re 
1/20,000 re 

ZnClo" 

+0.493 

CdCh 

-f0.143 

FeCb 

•+0.063 

CaCb 

-0.045 

NiCh 

-0.049 

Pb (CH3C00)2 

-0.129 

CuCh 

-0.606 

HgCh 

-1.027 

AgNOa 

-1.048 

AuCla 

-1.356 



The exceptions which ZnCU and CdCb show (according to R. 
Hobee) may depend in the first instance upon strong hydrolysis 
(acid reaction) and in the latter on the smaller amount of electro- 
lytic dissociation together with greater lipoid solubility. 

For the antagonistic action of ions of the heavy metals see pages 
70 and 378. 

The intravenous injection of the salts of the heavy metals, which 
is associated with precipitation of protein, causes in suitable doses 
anaphylactic phenomena which may be explained by what has been 
said on page 210. 

The salts of the heavy metals in respect to their toxicity appear 
to me to have powerful specific influences. For instance, copper 
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salts art‘ powt^rful |)()iHoiis to algae, infusoria and fungi. According to 
Bokoeny t luT an^ (dT(‘ctive even in dilutions of 1 : 100,000,000. 
Vt‘rt('l)rateH can stand tlu^in in nJatively higher doses; but even 
among thi^Ht^ then^ is eousidcTahh^ variation; cats, for instance, are 
said to h(‘ very stmsitivc^ to c'oppc^r salts. 

Some of t he hc^avy nu^tal cations in spite of always precipitating al- 
bumin appear to !)t‘ ablt‘ to taitiT tlu^ circulation and to be definitely 
stopped only when they n‘a(^h tht‘ filtcT nuunbranes of the glands (liver, 
spUnui, kidneys). On this account frcHiuently encounter kidney 
irritation frtun tlu‘ toxic lu^avy medal cations (mercury, lead, etc.). 
l)oubtl(‘ss tlu'ir Holubiliti(‘s in th(‘ lipoids are an important factor. 

forination of irnauTsibU^ albumin compounds kills the cell 
which is iu%u)lv(‘d. [Hg, when absorbed to the extent of 4 mg. per 
kilo, slays ridcaitU^ssly. It forms an irreversible compound, unaffected 
by antidot (»H or by washing with watca* as has been shown by Sansum. 
Tr.] On t his at‘C()unt b(\sid(‘s tlu^ acids and the alkalis, salts of the 
heavy medals, ('oppe^r sulphate', silvt'r nitrate and xinc chlorid, are 
list'd as caustics, Astringt'uts atd. by t'ansing a coagulation of the 
topmost layt‘rs of mucous nu'iubraiu's or inflamt'd surfaces. There- 
fore (ht'y imdudi* salts of tlu' ht'avy mt'tals, as silver nitrate, copper sul- 
phatt' and iioc't att', j'/mt' sul|)hat(' and ac.t'tatt^ and bismuth subnitrate. 
Bt'sith's th{*st% ft'rric ('hlorid and tht' various aluminium salts (alumin- 
ium at't'tato, alum, (‘t('.) of whost' powt'rful flocc.ulating action, resulting 
from the trivah'uct* of Ft' anti A1 wt'havt' airt'atly learned (seep. 84); 
tht' llticculat ing atdion in fact tlt'pt'utls on tht' (H)lloitlal ftmc hydroxid 
anti aluminium hydrtixid ctintaiut'd (h(h\ below). KSimilar results may 
bt' obtaint'tl witli tannin, formaltltdiytl, anti in short from all the hard- 
t'ning agt'iit h c liseusst'd in ( diaptt'r XXII f, provitled thtdr employment is 
not prt'dudiHl by undt'sirablt^ propt'rties (e.g., picric acid and osmic acid). 

Iron Salts and Iron Oxid HydrosoL 

Recent roHt'art'ht's have* shown that only ionimble iron compounds 
havt' a phartnat'ologit' at'iiou (upon the formation of red blood cor- 
puHt'.lc'H in cddortmiH), but they sht)w,* on the (contrary, that prepara- 
tions witli iron firmly hoimtl (ht'nu)globin prt^parations in particular) 
have* no sptHufic at'tion/ Tht* numt'rous prt'parations in which iron is 
a(lminiHtt‘rc*<! as a ctdloitlal iron oxid (/cm* oxidat. saccharatum solu- 
bUe, liq. Jerri tmd. dmlyH, anti in stime of the chalylieatc mineral 

* It may be in coutnwlktion to this, that colloidal Fe(OH)3, ac- 

cording to M. AHffu.i and G. IzAit, favors tin* total autolyais of the liver iib well as 
its individual factors (sim* p, 3tU) H nrq,) and that tlu^ fc^rments taking part in the 
formation of uric acid are activatc‘d ly th<* twhlition of colloidal ferric hydroxid; 
larger (|uantiti«*«, lanvevt'r, inhibit nrie tmd formation. 
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waters) are active only to the extent that they are dissolved in the 
hydrochloric acid of the gastric juice. I cannot form any idea as to 
the process of absorption since in the alkaline content of the small 
intestine where absorption occurs, the iron is thrown down again 
as a colloidal gel. Those colloidal iron preparations from which the 
iron ion slowly splits off (c.g., liquor Jerri alhuminatiy ferratin, etc.) are 
preferable since they exert a less injurious effect on stomach and 
intestine (indigestion and constipation) . After intravenous or subcu- 
taneous injection of iron salts colloidal ferric albuminate compounds 
are formed which may cause severe anaphylactic-like symptoms of 
poisoning (see p. 382) . When iron salts are taken by mouth this action 
does not occur, since the iron is arrested in the liver. The cathodal- 
migrating positive iron oxid hydrosol precipitates with the anodal- 
migrating blood colloids as an irreversible gel. This is the reason why 
ferric chlorid is so suitable for hemostasis. The greater part of the Fe 
in FeCls exists as iron oxid hydrosol as the result of hydrolytic cleavage. 
When blood coagulates, the excess of HCl is bound by the blood salts. 

R. Bunsen, in his first scientific paper, showed that “freshly pre- 
cipitated ferric hydroxid” is able to take up considerable quantities 
of arsenious acid and recommended it on this account as an antidote 
for arsenic poisoning. W. Biltz showed that the distribution of 
arsenious acid between iron oxid hydrogel and water has the charac- 
teristic of an adsorption curve and not that of a chemical combina- 
tion. The protective action against arsenious acid depends moreover 
upon the method of preparing the ferric oxid hydrogel. Works on 
materia medica prescribe that it be freshly prepared. Perhaps, the 
inhibiting action which, according to L. Pincussohn,* ferric oxid 
hydrosol exerts on pepsin digestion depends upon adsorption. 

Although colloidal ferric hydroxid serves as the typical positive 
colloid H. W. Fischer succeeded in preparing a negative ferric oxid 
hydrosol, as well. He did this by pouring ferric chlorid solution into 
sodium hydrate solution which contained glycerin as a protector. 
Glycerin and the excess of alkali were then removed by diffusion. 
Instead of glycerin other polyvalent alcohols, e.g., mannit, erythrit 
and cane sugar, may be employed. The object of his experiments 
was to obtain ferric oxid hydrosol which might be injected intrave- 
nously. Positive ferric oxid precipitates with the negative serum 
colloids; on this account the intravenous injection of positive ferric 
oxid is immediately fatal to animals, on account of embolism. A 
remarkable exception to this was found by C. Foa and A. Aggazzotti * 
in dogs; they are insensitive to positive ferric oxid; no explanation 
for this exists. Negative ferric oxid may be mixed with serum in any 
proportion. It forms a deep ruby red solution which may at times 
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take up much more than its own volume of oxygen. Since it has 
some other properties of hemoglobin H. W. Fischer calls this prepa- 
ration synthetic active hemoglobin^’ {Effectsynthese des Hdmo- 
globins ) . Properly prepared ferric oxid may be inj ected intravenously 
into rabbits; yet depending upon how it was prepared it proved to 
be more or less toxic even though no embolism could be discovered. 

Negative ferric oxid seems to store itself up in the glandular organs 
(liver, kidneys) just as do other hydrophobe, mostly negative col- 
loids. No change of charge occurs since it is only after HCl is added 
that a blue coloration occurs with potassium ferrocyanid. Although 
positive ferric oxid hydrosol strongly adsorbs arsenious acid, its 
protective action is almost completely lost if such a mixture of the 
ferric oxid hydrosol and the adsorbed arsenious acid is injected 
subcutaneously. Negative ferric oxid hydrosol, under the same 
circumstances, exerts a very considerable protective action, but fails 
completely when such a mixture is injected intravenously. H. W. 
Fischer attributes this to the presence of hemoglobin which tears 
the arsenious acid from the ferric oxid hydrosol. 

Narcotics and Anesthetics- 

We class as narcotics such substances as temporarily suspend 
cerebral function, and the activity of the reflex centers. Narcosis is, 
therefore, a reversible process. 

According to the theory of Hans Meyer and E. Overton, nar- 
cosis is produced by such substances as dissolve especially easily in 
the lipoids of the plasma pellicle but are not entirely insoluble in 
the plasma.^ They determined the distribution coefficient between 
oil and water for a large number of substances and found that those 
substances in which the distribution coefficient (oil : water) is high 
are good narcotics, e.g., chloroform, ether, acetone, chloral hydrate, 
urethan, etc. The coincidence is not only qualitative but it was 
possible by determining the critical concentration” to show that it 
was quantitative. By ‘‘critical concentration” is meant the con- 
centration of a narcotic in water which just suffices to maintain the 
narcosis of an organism (animal or plant). With over 100 substances, 
a surprising parallelism was shown to exist between “critical narcotic 
concentration” and coefficient of diffusion between oil and water, so 
that a causative connection between narcosis and fat solubility 
seems obvious. 

^ There exists a certain parallelism between the physiological action of nar- 
cotics and their ability to depress the surface tension of water. Upon this is 
based J. Traxjbe’s * theory of narcosis. The depression of surface tension favors 
the penetration of the narcotic into the ceU. 
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In recent years we have become acquainted with a number of facts 
which cannot be reconciled with the Meyer-Overton theory. For 
instance, S. J. Meltzer showed that magnesium salts possess power- 
ful narcotic properties. G. Mansfeld and Bosanyi then showed that 
during profound magnesium narcosis there was absolutely no change 
from the normal magnesium content of the brain. No increase in 
Mg was demonstrable either in the hpoid or the lipoid free brain 
substance. Furthermore, it developed, that the lipoid solubility of 
the narcotics was to a certain extent merely accidental which paral- 
leled other physico-chemical properties. According to J. Traube 
and J. Czapek diminution of surface tension parallels the narcotic 
properties. We must emphasize, however, that in Traube’s experi- 
ments only the diminution of the surface tension to air was deter- 
mined, whereas in the organism we are concerned with surface 
tensions arising between two fluids or between a fluid and a gel 
phase. The observations of Battelli and Stern have less connec- 
tion with fat solubility; according to them there is a parallelism 
between the precipitation of certain proteins, the inhibition of oxida- 
tions in the tissues and the narcotizing activity of narcotics. War- 
burg and WiESEL showed that narcotics inhibit the ferment activity 
of the pressed juice of yeast as well as of the yeast cells. Without 
discussing the hypothetical basis of these processes we may conclude 
from them that lipoid solubility does not constitute the sole physico- 
chemical basis for narcosis. 

At present the tendency is to believe that the essential factor in 
narcosis is* a modification of the plasma pellicle which reversibly 
changes its normal permeability for electrolytes, so that it is an open 
question whether this membrane is pure protein (see p. 239 et seq., 
membrane) or a mixture of lipoid and protein (see also S. Loewe). 

An interesting support for this, view was supplied by R. Hober 
and his pupil A. Joel when they measured the electric conductivity 
of blood corpuscles under the influence of narcotics. Although it is 
true that blood corpuscles are not nerve cells there are such similari- 
ties as justify us in applying to nerve cells, observations made on blood 
corpuscles. R. Hober found that narcotics inhibited the exit of 
electrolytes when dilute, and increased it when concentrated. Nar- 
cotics when dilute produce quite the opposite effect they do when 
they are concentrated. This is analogous to the conductivity 
determinations of Osterhout on plant cells and the observations of 
Sv. Arrhenius and Bubanovic as well as J. Traube that small 
amounts of many hemolytic agents inhibit homolysis. 

Obviously, every substance which dissolves in fat is not a narcotic; 
it is such only if it can be again removed from the lipoid without 
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leaving penaiuunit eluuigcss. W(' thus arrive at the chief point in 
tla‘ prohleni. Tlie Meyku-Ovkuton tlu'ory explains the conditions 
under whit‘h a suhstaiun^ may act as a narcotic, but it does not show 
\v!iy it uanH)tizt*s; in otlu'r words, what the essence of narcosis is. 
lieeeut invc^stigatious, ('spinnally tliosc^ of IL Hobee, have sliown 
that narcosis is brtnight about by a change in the state of swelling of 
tin* iu‘rv(‘ colloids \>y which tin* chang(*s which would otherwise be 
induced Iw the ct*ll t*l(‘(‘irolyt(‘s upon stimulation are arrested. Ex- 
porimt'utally wt* cousi(U‘r an organ uarcoti/aal if its irritability is 
temptu'arily arn‘si(‘d or dt*fiuit(*ly chaugc'd. If we pass the im- 
pulst* of an c‘h‘ctnc <*urr(‘nt through a muscle* it contracts. If the 
einls of a muscle* an* attach(*d to a galvanom(d.(*r and we* stimulate 
tin* muscle* the iu*('tll(‘ of tin* galvanonn*t(*r make's a short e'xeairsion; 
this is callt'd the* curre'ut of action. This is associate'd in no way 
with the* muscular e*outractie)m for we* may proelueu* an e'le'ctric im- 
pulse* in the* n(*rve* the* same* way and lU'rve'S ele) not (‘ontract. The 
t*xcursie)n e>f the* galvauome‘te*r ne'e'dle* is the e)nly e'vidence that the 
ni*rve* is stimulate'el. All tlu'se* plu*uome‘iui are temporarily arrested 
tis se)on us the* organ is nare‘e)ti>5e*eL 

If \vv now see* that normal irritability is manife^st as the re'sult of 
an e‘lt‘e’tre>lytic pre)e‘e*ss in whie*h transitory change's in teirge'scence 
cH‘eur, and that the* turge*se*e*ne‘e‘ e)r lU'rves and muscle*. ce)lloiels are 
changed by salts, by which the* irrital)ility is ce)use*eiu(uitly influeneieHl, 
w<* shall ned doubt that the*n* is a e‘e)nne‘eh.ie)n be'tweam turge\se*.euuie 
anti irritability, \V!u*n wt* tinel that the* iidluentu* e)r salts upem the 
nwetling capacity t)f vv\l colle)itls, t*spt‘cially the^ lipt)iels, is place*el in 
iilu'yanea* or Huspe'udt'd by uare*otit\s, the* mass of twiele'uce^ is c-on- 
vUmvi\ 

The* e*oime*ctiem lK*tw(*(‘n irritability anel eH)lle)id turge)r was dis- 
tniHsed in ('hapte*rH XVII anel XXI; the* following passage's will 
hIiow that nar(*oti(‘s arrc'st (*hang(‘s in turge‘se;eneu*. It. Ileinuu*'^ has 
hIiiiwu that the* axis t*ylindt*rs of ne*rve* rd)e*rs swe*llt*tl up in some 
{HirticmH under the influeue*(* of nt*utral salts anel shrank in otlu'rs, as 
in beautifully slamm by staining with rti(‘thylene blue*. The* plu*- 
itfiinenon m re*ve*rsihh*. Swelling unele*r the^ influenea^ of neutral salts 
cl«a*s imt eM*e‘ur whe*n <*thyl ure‘than narce)sis is produeuKi simultane*- 
tntsly. Aeceu’dingly, in tins ease* the* nart'osis may he de*me)nstrate*(l 
in the staim*c! Hcetieum (si*(* p. A. R. Mookk and 11. K. Roaf* 

ftmnd that litKud suHpe‘nsie)ns are* pre‘eipitate*d by small quantitic'S of 
(*ldon>form, alcohol, e*tlie*r, e*te., iuste*ad e)f l)e‘iug dissolved by thcan. 
It. (loLn.HcitMmT and E, PitimtAM* found a similar aedion of eddoral 
hydrate anel uredhan in lt*eithin susp(*nsie)ns. 

Ae*e*ording to 8. J. Mi‘a/e7J0U magne'sium salts produce narcosis if 
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subcutaneously or intravenously injected. I wish to call attention 
to the fact that according to O. Porgbs and E. Neubauer * MgSOi 

and MgCl 2 in solution, unlike other electrolytes, have very nar-^ 

row precipitation limits for lecithin suspensions; with this fact their 
narcotic action possibly stands in some relation. Lower animals are 
also narcotized by magnesium salts. On this account it is used by 
zoologists to fix objects in their natural state, because Mg narcosis is 
not preceded by irritation. There is still not very much evidence 
that change in swelling is inhibited by narcotics; the evidence must 
be reinforced, especially by simple test-tube experiments on the rela- 
tive influence of salts and narcotics in changing the turgor of lipoids. 
We see here a promising field for experiment. It may be possible 
to combine this theory with that of Verworn^s school. According 
to their view, the oxidation processes in the cell are arrested during 
narcosis, a hypothesis supported by numerous experiments. [A. R. 
C. Haas has recently shown that when Laminaria is exposed to an<js- 
thetics (in sufficient concentration to produce any result) there is an 
increase in respiration, which may be followed by a decrease if the re- 
agent is sufficiently toxic. Science N. S., No. 1193, p. 46 et seq, Tr.] 
In this connection it must be recalled, especially, that oxygen and 
carbonic acid are much more soluble in lipoids than in water and that 
narcotics diminish the absorption capacity of the cell lipoids for oxy- 
gen (G. Mansfeld *). It would be interesting to determine the 
extent to which this solubility is influenced by the turgor of the lipoids. 

Elsewhere I have already stated that the Meyer-Overton theory 
of narcosis demands a reversible distribution of the narcotic be- 
tween lipoids and plasma. Whether this distribution occurs as a 
Henryks distribution or as an adsorption is immaterial in principle 
(but not for the action!). According to a table of M. Nicloux* the 
distribution of chloroform seems to me to approach that of adsorp- 
tion. After the termination of narcosis, the blood of a dog con- 
tained the following content of chloroform (in per cent). 


Chloroform Content in Per Cent. 


After. 

First experiment. 

Second experiment. 

0 minutes 

0.054 i 

0.0595 

5 minutes 

0 0255 

15 minutes 

0.0205 


30 minutes 

0.018 

0.023 

1 hour 

0.0135 

0.018 

3 hours 

0.0075 

7 hours 


0.0015 
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The action of narcotics on the permeabihty of electrolytes is 
reversible according to R. Hober, and may be reversed by washing 
them out provided the amount of added narcotic is not too great. 
R. Hober is of the opinion that narcosis is characterized by a change 
in the plasma pellicle in which the increase of permeability to normal 
stimuli is inhibited. 

A physico-chemical study by S. Loewe actually showed that 
chloroform was adsorbed by the white matter of the brain and that 
sulphonal, trional and tetronal were adsorbed by lipoids. 

We see from the "table that, at first, chloroform disappears very 
rapidly but that the final portions are tenaciously held. A similar 
table for ether reveals an approximately proportional disappearance 
of ether from the blood in given units of time, which would approxi- 
mately answer the demands of Henry’s law. The slower recovery 
from chloroform than from ether narcosis is thus explained. 

It is evident from what has been previously said that narcosis 
merely represents a given segment of the curve which different con- 
centrations of the narcotic cause in the turgor of the cell lipoids. 
The commencement of the curve with low narcotic concentration 
indicates the condition of irritability before narcosis, the terminal 
limb with high narcotic concentration means death. 

What has been said here of benumbing the entire body mutatis 
mutandis, applies, for the individual organs, in the case of local anes- 
thesia. Local anesthesia may be produced by all sorts of substances — 
by very dilute caustics (acids, phenol), by distilled water, by aniso- 
tonic salt solutions, in short, by all substances which change the 
turgor of the cell hpoids. Practically most of them are useless be- 
cause the first portion of the curve, the state of irritation which is 
expressed by pain in subcutaneous injections, is too prolonged; in the 
case of others, because the segment which signifies local anesthesia and 
which hes between the irritation limb” and that of permanent 
damage is too short; still in others, because an irreversible change in 
the ceU colloids may occur even with the smallest doses, or other cell 
colloids suffer too much in sympathy. Practically only such anes- 
thetics are utihzable as produce only a reversible change in the turgor 
of the nerve hpoids, as is exemplified by cocain, novocain and 
anesthesin. 

It is not difficult to range the other methods of anesthesia, such 
as cold and the production of anemia in this scheme, but experimental 
confirmation is still lacking. 

Colloid research also offers an explanation of certain by-effects of 
narcotics. [Evarts A. Graham has shown that the toxic action of 
many anesthetics is due in part to mineral acids formed by their 
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decomposition. He believes that delayed chloroform poisoning 
results entirely from the destructive action of HCl formed in the 
tissues and he attributes the protective action of glycogen to the 
fact that the glucose resulting therefrom inhibits the diffusion of 
HCl into gels. The toxic action of anesthetics has been shown by 
J. A. Nef to be due to an unsaturated carbon atom. The effect of 
such atoms has not yet been discussed colloid-chemically. (Jour. 
Amer. Med. Assoc., Vol. LXIX, No. 20, p. 1066 et seq.j quoted by 
Graham, loc. ciL) 

Burge attributes the anesthetic action of anesthetics to the de- 
crease in oxidation processes produced by the destruction of catalase. 
The specific action on the nervous system is due to the greater solu- 
bility of the lipoids of nervous tissue facilitating the entrance of the 
narcotic into the nerve cell. Science N. S., Vol. XL VI, No. 1199, p. 
618 et seg. Tr.] With large doses of morphine, chloroform and ether 
we observe more or less intense phenomena of irritation, especially in 
the kidneys, before the general circulation is much disturbed; album- 
inuria and hematuria may thus occur. Martin H. Fischer * (see 
p. 333) explains this by the disturbance in the oxidation processes of 
the body which suffers from such substances and by the fact that as 
the result of the accumulation of CO 2 and ultimately of other acids, 
a fixation of water occurs in the body so that no excess of water 
remains for excretion by the kidneys. Besides the anuria, we may 
thus explain the thirst which such patients frequently show. Secre- 
tion of urine occurs again and the thirst disappears when the effect 
of the narcotic wears off, even though the patient takes no water. 
Small doses of ether, alcohol, etc., cause the reverse phenomenon, 
since by increasing the activity of the heart they bring on an im- 
provement in the supply of oxygen. By this means not only a 
stronger flow of blood is supplied to the kidneys but the ^^free'^ 
filterable water in the blood is increased, provided the oxidation 
processes are still uninjured. 

Colloid research seems to me to have raised new questions regarding 
investigations of the effects from the prolonged use of alcohol. 
Though the larger part of the alcohol ingested is seized by the lipoids, 
we cannot neglect the effect upon the albuminous colloids. At 
present we can only assume that it causes a diminution of swelling. 
The extent of the relationship between the degenerative changes of the 
cells, arteriosclerosis, etc., and of this action of alcohol remains for 
future investigations to determine. [W. Burridge has shown that 
alcohol increases the utilization of calcium by certain cells. Tr.] 
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Disinfection. 

By disinfection we understand the killing or rendering harmless of 
dangerous germs outside of or within the body. Substances which 
destroy germs living on foods, without being very harmful to higher 
organisms, are called 'preservatives. 

For simplicity we shall first consider external disinfection by chemi- 
cal means. In the process of disinfection a distribution of the dis- 
infectant between the organism and the medium first takes place. This 
distribution may occur either in the manner of chemical combina- 
tion, adsorption or in accordance with Henry's law. In the two 
former cases it is conceivable that even traces of the poison are active, 
whereas this would be possible in Henry's distribution only if the 
substance is very much more soluble in the bacillus than in its 
medium. It follows from the ease with which they are stained that 
surface attraction is of great importance in the case of bacteria. 
And in fact staining and disinfection are distinguished only by the 
fact that in the latter instance the absorbed substance exerts a par- 
ticular poisonous action on the microorganism. 

If for the present we consider a microorganism only as a small 
particle without special chemical properties and add to such a hypo- 
thetical emulsion of bacteria, a dissolved substance, this substance 
would by reason of the mere surface attraction have a tendency to 
concentrate on the surface of the bacteria to a greater or less ex- 
tent, depending upon the nature of the dissolved substance, i.e., 
the more strongly the given substance diminishes the surface tension 
of the water, the greater is the concentration at the surface.^ 
Most bacteria act like a suspension which has been protected by a 
protective colloid, before being flocculated by neutral salts; they are 
so changed by boiling or by agglutination that they change from 
hydrophile to hydrophobe suspensions, which cannot be differentiated 
physically from kaolin suspensions or the hke. The electric charge 
is that of an inorganic suspension, i.e., negative; it is discharged by 
agglutinin. All these questions are taken up in detail in the chapter 
on “Immunity Reactions." 

As the dispersed phase, microorganisms are strongly adsorbed by 
substances with great surface development. (See Fig. 52.) Be- 
cause of this adsorption, they are readily held back in fine-pored 
filters such as Chamberland candles (unglazed porcelain), Berkefeld 
filters (Kieselguhr), asbestos, wadding or carbon filters. 

^ This conception was originally developed and established by H. Bechhold 
in the “International Congress for Applied Chemistry,’' London (May to June, 
1909) (see KoUoid Zeitschr., 6, 22, 1909). 
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Besides the microorganisms directly visible in the microscope, 
there are others so small as to be microscopically invisible, and only 
recognizable by their pathogenic effects. They are, therefore, called 
ultravisible. Among these are about forty pathogenic germs, among 
others, smallpox, rabies, measles, scarlet fever and the mosaic disease 


DISINFECTING ACTION OF HALOGEN NAPHTHOLS. 



Lethal action on 


— Co// 

— — S/ophy fococcus 

—p— . . — D/f>f7/heria 
— X — — S/rep /oc o ecus 

Ponr/yphus 

Fig. 52. (See p. 402.) 


of tobacco. The name ultravisible is not a happy one, since recently 
by dark-field illumination there have been recognized, in the case of 
many infections, minute organisms, which we are justified in believing 
to be the cause of the diseases. The ultravisible viruses are not held 
back by ordinary bacteria filters; recently they have been called 
J^lterahle microorganisms. 
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The study of these forms of life is difficult because of the lack of 
technical methods for their investigation. Besides dark-field illumi- 
nation, colloid research has provided two methods which have already 
led to important advances: these are ultrafiltration and adsorption. 
By means of the Chamberland filter the solution of virus may be 
freed from visible bacteria. In order to concentrate the filterable 
germs and make quantitative tests with them, they may be con- 
centrated on an ultrafilter ^ as was done by Betegh with hog cholera 
virus, Prowazek and Giemsa with variola; or they may be adsorbed 
on charcoal or clay (as did Gins with smallpox). 

I believe the colloid investigation of filterable microorganisms will 
yield valuable results, since they form a transition group to true 
colloids. A beginning has already been made. Thus Andriewsky 
has shown by ultrafiltration that the virus of chicken cholera is 
smaller than the hemoglobin molecule. 

It has been repeatedly observed that the development of micro- 
organisms is facilitated by the presence of suspensions or hydrogels. 
Thus Krzemieniewski found that a pure culture of nitrifying bac- 
teria grew more luxuriantly and bound more nitrogen if earth or 
humus was added to the culture medium and Kasserer found a 
similar effect from the addition of colloidal silicates and phosphates 
of iron and aluminum. According to Ross van Lennep pieces 
of kidney, meat, cellulose, etc., improve the growth of aneorobic 
bacteria, yeast and B. coli. We thus see that these microorganisms 
on purely physical grounds find much more favorable conditions for 
growth in their natural habitat than in artificial media. In some 
instances it was possible to determine the reason for this phenomenon. 
Thus SoHNGEN* and also Ross van Lennep showed that charcoal 
and some other solids favor the dissipation of carbonic acid which 
inhibits the growth of yeast. In other instances the suspensions or 
colloids adsorb oxygen for aerobic bacteria, nitrogen for nitrifying 
bacteria, or other nutritive ingredients which are then available for 
growth at the surfaces of the respective substances (literature given 
by SoHNGEN *) H. Freundlich mentions the following substances 
which show slight adsorptive affinity: salts (especially of the baser 
metals), highly dissociated substances (such as strong acids and bases), 
aggregations of OH groups (sugar) and the sulpho group. As a 

’ Though it is shown on page 396 that the distribution of phenol between 
the bodies of the bacteria and their environment occurs as it would in two sol- 
vents, it does not by any means contradict what has been said here, since a dis- 
infectant action does not result from adsorption. Disinfection occurs when the 
disinfectant penetrates the microorganism; the portion which has penetrated 
may very well comply with Henryks law (distribution). 
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matter of fact but few disinfectants are furnished by the inorganic 
acids and bases and by the salts of the baser metals. Of course we 
do not include such concentrations of the acids and bases as produce 
a direct destruction of the organized substance. As a matter of fact, 
substances containing the phenyl group are our most useful dis- 
infectants, such as carbolic acid, cresol, naphthol, anilin water, etc. 
H. Bechhold and P. Ehrlich * by combining phenyl groups 
(derivatives of dioxydiphenylmethan and o-diphenol) obtained sub- 
stances of hitherto unequalled disinfectant action (with the exception 
of sublimate, etc.) and even this action was greatly increased by!^the 
introduction of halogens. The work of H. Bechhold,*^ 'v^hich 
introduced into practice the halogen derivatives of naphthol and 
dicresol, disinfectants of great activity, establishes the breadth of 
this assumption. 

A dilute solution of alkalis or acids is the normal environment 
for the majority of microorganisms. Although the majority of micro- 
organisms prefer a more alkaline nutriment corresponding to the 
dearth of H ions in the animal organism, there are other bacteria and 
moulds, for instance, lactic acid bacteria, which require or prefer 
an acid medium, e.^., the moulds which grow on acid fruit. From 
this it follows that when acids or alkalis injuriously affect a micro- 
organism, the specific vital conditions of the microorganism in ques- 
tion have been unfavorably disturbed and accordingly it is impos- 
sible to speak of a general injurious action of H or OH ions. 

Many salts of the heavy metals {e,g., silver, mercury and copper 
salts) are disinfectants. Their strong adsorptive power, in which 
sublimate excels all others, was demonstrated by P. Morawitz.* 

Adsorptive capacity is only a condition preliminary to the exercise 
of specific toxic action. It is generally accepted in the case of salts 
of the heavy metals that this toxic action depends on the forma- 
tion of albuminates. I am at present engaged in the explanation of 
these phenomena and I am already in a position to state that adsorp- 
tion is by no means the most important factor. 

Finally, there are among the inorganic salts, substances with 
specific activity, e.g.j the fluorids, thallium carbonate, sulphurous 
acid salts, boric acid, etc. We know of no disinfectants among the 
sugars or their related substances (e.(/., glycerin). P. Ehrlich and 
H. Bechhold * as well as H. Bechhold have shown in the case of a 
large number of aromatic compounds that the introduction of sulpho 
groups into a disinfectant considerably diminishes its activity. 

Adsorption in water according to H. Freundlich is favorably influ- 
enced by the phenyl group and the halogens. This author mentions 
as an example chlorbenzoic acid (X = 154), benzoic acid (X = 140). 
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Microorganisms. 

Microorganisms occur more or less densely in their media as 
millions of minute dots, rods or threads. They constitute a dis- 
persed phase and as such obey the physical laws to which all suspen- 
sions are subject. Collectively they possess an enormous develop- 
ment of surface; and, consequently, surface attraction especially 
influences those substances that are dissolved by them (in other words^ 
more as the substance diminishes the surface tension of water). 

Should our assumption that adsorption plays an essential part in 
disinfection be correct, then the same substance will be a much better 
disinfectant in aqueous solution than when dissolved in alcohol or in 
acetone.^ This assumption is sustained by such investigations as 
have been undertaken. According to Robert Koch, anthrax spares 
were not destroyed by the application for 100 days of 5 per cent car- 
bolic acid in oil nor by 5 per cent carbolic acid in alcohol for 70 days, 
whereas they were destroyed after 48 hours’ exposure to 5 per cent 
aqueous solution of carbolic acid. Anthrax baccilU were of undimin- 
ished virulence after 2 days’ treatment with 5 per cent carbolic acid in 
oil, whereas 1 per cent aqueous solution killed them in 2 minutes. 
Moreover, according to Reichel,* the distribution of the phenol 
between albumin and the oil (as compared with water) is in favor of 
the oil. 

According to the researches of Paul and Kronig, as well as those 
of Sheurlen and K. Spiro, phenol acts in disinfecting as a molecule 
and not as an ion. Sodium carbolate which is strongly dissociated 
has a much weaker action than phenol. Phenol is less dissociated 
in alcohol than in water, so that if it were merely a question of 
dissociation, phenol should be a better disinfectant in alcoholic than 
in aqueous solutions. As is shown by the following data taken from 
Paul and Kronig’s paper, the facts are quite the reverse. Anthrax 
spores were treated with the disinfectant, according to the marble 
method, and then sown on agar; the resulting colonies were counted. 

Number of 
colonies. 

4 per cent carbolic acid in water 1505 

4 per cent carbolic acid in alcohol co 

We thus see that in disinfection adsorbability from water is more 
important than solubility. 

^ In disinfecting the hands and skin, alcohol and alcoholic solutions and even 
acetone are almost exclusively used, though entirely different factors are of im- 
portance in determining their use (better capacity to wet the fatty epidermis, the 
shrinking action of alcohol and deeper penetration into the capillary spaces of the 
skin (Bechhold)). 
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Cresdl is less stiluhk* thuu |»lieii«4 niitl is u tiiaii 

i\w iuttc‘r. Its s(»lul>ility in \vut<*r is su liuiiltnl thul it 11111 ^! he ilts- 
solved witli the aid of st>u|Ks u!id similar sultslaiiees, I'tiest* are imt 
trut‘ solutions; they are innidiVst tanulsioiis in the dark 1 Ftir.t 
and Mahoaoan’t). It is still an u|H*n tfiiesthai whether tin* efIVet tin 
batd-eria is twrhnl hy an t*nvt‘lt>pmeni hy tht^ iiahvithial rreMil stiap 
dropleiSj thus forniiiig nliout thtau a hii^hly eonnailrated disiiifeetaiit 
film. Anotlier ptissihility is that t!ie haeteria wilhtiriiw dissolved 
eresol from their environment, anti that rresnt tIilTuses from the 
droplets to an t^pial ext tad itdtt tht* water. 

A group of disinfeetants im* aetive even in a ttihdhm in wliieli tlit» 
HuhstaruH* is im Itmgta* ehemiealiy tlemtmsfriihle. Ataainiing hi It. 
Koeu, iuiertVnaiee with the growih of anthrax haeilli is riiusi*d hy 
suldimatt* evtm in a tlilidion of I : (HHklMM). Aeeordiiig to IL IIkiii- 
HOLO aiul l\ KHitiaen * tetniehltiiMotliphenol irderfert^s with ilir 
growth of dipldheria haeilli in athlutuiu tif I : IlMhIMMI to I : IHII.IMMI, 
Aeeortling to H. Htamnonn,'*'^ tritironenaphtlml inhildts the growth 
of staphyloeoeei in a tliluiitm of 1 : 'ioP.iKHl We ran undei*stiind the 
elTtH’t of mu’h traees of suhstanees if we eon-^ider the eotirse of the 
a<lst)rption cntrvt* (see p, 2th in whitdi the flistrilndion }t«dAVia*ii atl- 
Horlieut and soivtmt oeetirs in sneli a wmv that the dissotveil siih- 
stanee is praeti(*ally eomphdety adNorheti in tla^ weiikta* roneentrio 
tion, wlierems in higher eoneiad-rntions tin* ihstrilmtiun apjiroarlies 
that mpiired hy IlKNavks law (htdwem two sotveiilsi. 

The ohjeetion may lie raisix! that the Katne eoinittions are fnlfitlrd 
in a puH'ly ehemienl c’omhiimtioit, to %vfiieh wo may reply that in 
many instances such a ehtmiiea] eomhinalion ninst ta* considered to 
occur. 

In favor of iidsnrphoa, fltert^ are tw'o distinct plitaicimenii, mhilHlam 
and ikaUL liy chcHising a Huitahle disiitfect4«it in Hnltieiiiil nnwm- 
tration and exjMm\irt% micriwirgmusms may lie eniiipletely ti'llnl; thnl 
is, tliey cannot under any edrtnmistance.s he hrouglit hark to life. In 
other cases, it is only ina*eamry to remove the disiiifeetiifit, to diliite it 
or to transfe^r tin* germs to another environmi*iih for the germs to start 
multiplying again; such action is calhsl la/ololiom In sttrli a mm*, 
we must assume* tliat the mwtion hetw*een inie*riMirgiiiiiHiti ami ilis- 
iafectant is mws/Wix In killing, the proeeas wrif he irnrrr.Hiitlr} 

* I ran remclily imagine that death tnav m^eur in a ren^r'iihle iiriimn il* the 
l^ion of the dkinfeetiint for a suifident length of liiiio to iiiiilify ofirr 

vital proei*fti4<»s. To give a very made eontpii,fh»in, if a iinifi in the 

water eimnot he regartied as a |Mii«in thnngh it viial fiMt'- 

wes. A man who enniiot Iw* r«»suseitiiii*<i after a '1 iiiiiiiitrs 

hm fixed no more water in hk Inidy than one who him rt«i«ilalr#i after 2 
minuto' submcnikai* 
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If the tlisiiift'ctaut werc‘ a firm combiuatiou with the microorganism 
it would he diflieult to t^xplaiu how th(‘ gvrm could multiply again 
when r(nnov(‘d from tin* disinh^etaut solution. This is readily under- 
stood if W(^ assunu‘ that tlu‘ union IndAveen micnxx’h'ganism and dis- 
infetdant is an adsorptioti. In that case tlie disinhadant will pass 
into tlu‘ ahsolutidy iuditlVnmt soivtmt so that the microorganism 
having Ixh’ouu^ fnx^ again (frt)m tlu‘ disinfectant) is in a condition to 
continue its ch'velopnumt. 

A hnv (‘xampl(‘s will explain the foregoing. R.. Koch performed 
certain t'xptndnumts in the following way: h(^ dried germs on silk 
threads and suhjcxdcxl tluun for a givcm tinu^ to a disinhxdant solu- 
tion; afttT this !ic‘ plac(Hl theiu in nutrient bouillon or in gelatin; 
if tlu^ gtumis d(^Vi‘lop(Hb ht^ consid(*r(‘d that the disinf(H‘,tant was 
active; if th(\v did not, that it was inactive. In this way R. Koch 
Hubj(Hd(sl anthrax s|M)res for two days to 5 \)ov cent carl)olic acid and 
found that afterwards ilwy did not develop in gedatin. B. Riedel, 
in t!u‘ Imperial H<*alth ()f!ict% found that, (‘V(m afhr 14 days of im- 
mersion in o pea* c(*nt (‘arbolic acid, the germination of anthrax spores 
was not inhibit tsl if tlu^ silk tlireads W(r(‘ first wasluxl with water 
and them pla<’<Hl in fluid gelatin; the gidatiu and silk threads were 
thoroughly mix(‘d by pndonged agitation of th(‘. ti(‘st tulie. 

According to R. Komi, a singU* immersion of anthrax spores in 
I : 5000 sul)limat(‘ solution suffiex's to dtsstroy tlu^m. J. (Jeppekt* 
found that the* Hiun(‘ conctsitration acting four se^conds longer, on 
one trial, producexl tludr d(‘ath and on niiothex* did not. Among 
^mntlesH <*xp(‘rim(mtH on this point we* shall ine*niion those^ of Eisen- 
BEiiO and OmnjtiKA liea'anse* eif the* medhod the*y (‘injiloye*!!. 

The*y mixeni unifonu (j[uantities eif elisiidVctant and liacteria, some- 
timcH adding the emtire* (|uantity e>f bncte‘ria at^ onee*, anel sometimes 
in fraedions. If tlie p!u*n<)m(*ne)n is re*ve‘rsibl(‘, the* re*sults in both 
cases Hhould be* the* same*; if it is irre*ve*rsible* th(‘re* should be^ a point 
in the* fractioning e*xp(*rime*nt wh(*n the* elisinfe*<‘iie)n should prove less 
HatMaciory. As was t(» be* e*xp(*cte‘d from edhe*!* (‘e)nsid(*rations, the 
action of pliemol proveal to be* revt'csible* anel that of KMn ()4 and 
IlgC’b to be partly irre*versible (in the*He instane‘(‘s the time of action 
was an important, factor). 

Numerenw expc*rimc*ntH have* be»e‘n p(*rronn(*d in an attempt to test 
quantitatively the* vie»w.H give'ii he‘re; the* r(*sults aedually satisfy the 
hypotht*His in some* instane(*s. An (*xaci agre‘e*m(*nt l)e*twee*n obser- 
vation and calendation is not to be* e*xpe*ct(‘d b(‘caus(‘ in disinfeaddon 
adserption is not tin* emly fae*tor, though it is (*Iue‘fly aea^ouutable^ 
for thf*acdion ed the* tlisinft*etunt on the* microerganism (lipoid solu- 
bility, modificatiein of iroioplasm, (*te.). 
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The question of adsorption may be solved in one of two ways 
which I shall call respectively the chemical and the biological 
methods. 

The chemical method regards the microorganisms as a lifeless sus^ 
pension. Suspensions are shaken with various known dilutions of 
the disinfectant, and after the suspension is removed the amount of 
disinfectant remaining in the fluid is chemically determined. From 
this we learn how much has been absorbed by the microorganism in 
the various dilutions. It is the same method that is usually employed 
in chemical adsorption experiments. It may be criticized because it 
determines the amount of disinfectant absorbed by the microorganism 
but not the result of the adsorptive action, the disinfection. From 
a concentrated solution much more disinfectant is removed than is 
necessary for killing or inhibition. 

R. 0. Herzog and Betzel* employed the chemical method, with 
yeast as the microorganism. They obtained an adsorption curve 
for chloroform and silver nitrate and a chemical combination for 
formaldehyd. The results are interesting inasmuch as chloroform 
obviously acts by reason of its lipoid solubility; I question whether 
the precipitation of albumin by silver nitrate is the only factor which 
determines its disinfectant action. The result for formaldehyd is 
especially surprising; its powerful inhibitive action on development 
is well known, however its lethal action was discovered to be much 
weaker. We shall await with great interest the further prosecu- 
tion of Herzog^s experiments which promise an explanation of some 
of the questions proposed. The results* with phenol are quite compli- 
cated. According to Reichel,* in an aqueous solution of phenol 
there is a distribution in accordance with Henry’s law, i.e., as if it 
were distributed between two solvents. This was demonstrated by 
Reichel * in the distribution of phenol between water and oil, albu- 
min, cholesterin and the bodies of bacteria. This explains why phenol 
is active only in relatively high concentration. Increasing NaCl con- 
tent shifts the relative distribution in the direction of the nonaqueous 
phase. According to Reichel the disinfectant action depends on 
the fact that phenol causes a shrinking of the albumin phase; this is 
strengthened by the NaCl. In this way, the views developed by 
K. Spiro and J. Bruns * are revived in modifled form. 

R. p. Herzog and Betzel obtained an adsorption curve on treat- 
ing yeast with a phenol solution weaker than one per cent. These 
contradictory results may probably be explained by the primary 
adsorption of the phenol at the surface of the bacterial cell which 
then in some way absorbs it until the body of the bacterium is 
filled. This I infer from the experiments of E. Kuster and Rothaub 
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who show thut uiKtu tlic! death of the bacteria a part of the phenol 

IH lihcTutf^l. 

T\w hitdogical method regards the rapidity of death (measured by 
tlu‘ mnuher of surviving bacteria) in known concentrations of the 
disiufcH'tant and during a known time for action. In this case, the 
eliung{*s in t*one<‘nt ration by nuuuis of tlie adsorbing microorganism 
are not coiisidts'cHl, as in thc‘ (‘h(^mi(‘al method, l)ut only the damage 
to tiu* nuertH’ugauisnu The nudluxl assumes that ^Hhe rate at which 
I he solution <»1 a substantu* acts as a disinfectant is proportional to the 
amount ndsorlnul from tliis solution” (Mohawitz *). This method 
also is opon to tin* objc'ction that microorganisms are not a single 
muHH with uniform vitality but a mixture in various stages of growth 
and with varying rt‘sistauc(^; so that it is i)osBible that the curves 
<»bfained do not rt'pn^stmt th(‘ (‘ourse of an adsorption in various 
i’onctuitrations, but i‘xprt‘HH tlu* resistance at various stages of 
growth. 

criticistuH are off(Ted to show the difficulties encountered 
in an exiHuhmmtal test. 

We may c’ount in this group, also, the experiments in which an 
insight inh» tlie nuaduunsm of disinfection may be obtained, by 
varying tlu‘ munb(‘r of l)a<*t('ria with known changes in the concen- 
tratitin of tln^ <lisinf{H’tant acting for a (mnstant time (Eisenbbrg, 
Okouska'i, 

Ah a result of hiologirnl mvihodsy Paiu., Birstein and Reuss * came 
to the com’lusiou that tin* death of drhal adherent staphylococci in 
oxygen or in mixt ur<\s of oxygem and nitrogen is due to the adsorption 
of oxygen by the* (*oeei. 

P, Mfiiuvvrrz* (/or. viL) found a good agreement between the 
!igur<*s obtained by KitdNUi and Paxil, upon killing anthrax spores 
with sulilimiilt* and tin* formula for adsorption. 

Aee’ordingly, we lt‘arn from the quantibitivc tests that the dis- 
tribution of a disinfectant Indavecm micro/irganism and solution 
may ihkhsi^hh thv fonnnla of a chcmucal combination (formaldehyd) of 
lidmjrption fehloroform, silver nitrahO and of distriliution in solvents 
in iiccHirilanee with IIenhy’h law (phenol). In the following pages 
we Hindi Ht*e that transitions btdween these different kinds of distri- 
bution i>ecur. 

It would (‘tuliiinly ho an <‘rn)r to regard dtMribidion as the essential 
fiictor in disinr<*ctiom As a n*Hult of adsorption the genn is sur- 
roimdeil by a higlily concentratcsl film of disinfectant whose action 

^ rim riilriiinfion m n'fiHTcd to in the* connnunication of IT. Fheundmcii which 
i., Iitriiiiiiiiril ill tho |)iipi*r of H. Hi'K’iumLD* on Disinfection and Colloid Chein- 

inti")', plige 23. 
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weak destructive action. According to K. Spibo and J. Bruns * as 
well as Paul and Kronig, the figures show that mercuric cyanid is 
far inferior to sublimate as a disinfectant. 

We see from the table, moreover, in the case of mercuric acetate, 
which is more strongly fixed and more strongly adsorbed than HgCb, 
that fixation and adsorption are not in themselves alone sufficient for 
strong disinfection; the disinfectant must be offered in a suitable 
form. Mercuric actetate is less ionized than HgCb, and since, 
according to Paul and Kronig, as well as Scheublen and Spiro, the 
Hg ion is responsible for the disinfectant action, mercuric acetate is 
weaker than sublimate. 

An especially convincing proof of the specific chemical action of the 
disinfectant on the living substance seems to me to be that there is a 
difference in the resistance of various groups of bacteria to disinfect- 
ants. Whereas anthrax spores, tubercle bacilli, etc., show an enor- 
mous resistance, cholera vibrios, gonococci and streptococci succmnb 
to even slight chemical attacks. The other groups of bacteria are 
ranged between these two extremes — typhoid, B. coli, staphylo- 
cocci, diptheria bacilli, etc. 

Were merely the strength of adsorption responsible for the disin- 
fectant action, we could readily understand that substances of differ- 
ent disinfectant power would exist; we would understand for instance 
that cresol has a stronger action than naphthol, but in that case cresol 
would always possess a stronger action than naphthol, both on B. coli 
and on typhoid bacilli, as well as on streptococci. If we found, how- 
ever, that lysol was more active against one microorganism and that 
;S-naphthol was more active against others, we could attribute the 
action to general physical properties among which we might include 
adsorption, but we would then have to ascribe it to the difference in 
behavior caused by specific inherent chemical differences in the bac- 
teria affected. This might be either a variation in the solubility 
of the bacterial pellicle or a variation in the grouping of the atoms 
in the body of the bacteria so as to manifest a greater or less 
affinity to the disinfectant; in either case the important factor is 
the chemical difference in the microorganism. Such cases actually 
exist as has been demonstrated by H. Bechhold.*® He showed 
that the minimal lethal dose in 24 hours is; 



Diphtheria bacilli. 

B. coli- 

For lysol (the cresol content being com- 
^ . . • 

1 : 20,000 

1:800 

TTAr 'n'h'I'.li 

1 : 10,000 

1 : 8000 
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In accordance with this, lysol acts twice as powerfully against 
diphtheria bacilli as does ^S-naphthol, whereas it has only one-tenth 
the effect of the latter on B. coli. He showed further that a mixture 
of tri- and tetrabrom-/3-naphthol in one per cent solution killed staphy- 
lococci in from two to three minutes, whereas lysol dilutions containing 
one per cent cresol took more than ten minutes to do so. Conversely, 
a 5 per cent lysol solution containing 2.5 per cent cresol is lethal 
for tubercle bacilli within four and a half hours, whereas a solution 
of tri- and tetrabrom-/3-naphthol of corresponding strength had no 
effect even at the end of twenty-four hours. We see, therefore, 
that tri- and tetrabrom-zS-naphthol surpass cresol in its action upon 
streptococci, while upon tubercle bacilli the cresol acts more power- 
fully. H. Bechhold examined naphthols containing 1, 2, 3 or more 
bromin or chlorin atoms with reference to their effect on various 
bacteria. He found, that with the admission of the halogens the 
effect upon various bacteria sometimes increased, that at times it 
decreased, and that certain optima could be obtained (see Fig. 52 on 
page 392). Thus the maximum disinfectant action against staphy- 
lococci is obtained with tri- and tetrabrom-/3-naphthol/ while for B. 
paratyphoid it is obtained with dibrom-/3-naphthol and so on. Eisen- 
BERG has recently determined partly specific activities for a large 
number of coal-tar dyes. 

It follows from this that to test an antiseptic on only one kind of 
bacteria is an absolutely inadequate method for testing disinfectants; 
it is necessary to subject a number of different types of bacteria to 
investigation. 

The presence of a third substance is a factor in the action of a 
disinfectant that cannot be neglected. We have already called at- 
tention on page 383 to the influence of the solvent. To Paul and 
Kronig, as well as to Scheurlen and Spiro, belongs the credit of 
having made clear the significance of electrolytic dissociation for 
disinfectant action. Dissociation may be increased or dimini shed 
by adding certain substances to the disinfectants. The ionization 
of HgCh is decreased by the addition of NaCl, and since it is the Hg 
ion which is of importance in disinfection, the addition of common 
salt diminishes the disinfectant action of sublimate. On the other 
hand, the disinfectant action of carbolic acid, cresol and the other 
phenols is decidedly increased by common salt. Since NaCl can 
have no effect on the electrol 3 rtic dissociation of phenols, we must 
seek some other explanation. Again, the nearest comparison must 

^ Tribrom-i3-naphtliol is sold under the trade name “ providoform by the Pro- 
vidogesellschaft (Berlin) and has proven useful ia connection with the pus cocci 
and diphtheria bacilli. 
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be drawn from the process of dyeing: common salt or sodium sul- 
phate is fre(][uently added in dyeing cotton in order to get a more 
rapid and complete utilization of the bath. The simplest explana- 
tion of this is that there has been diminution in the solubility of the 
dye by means of the added salt (i.e.j the dye is made more colloidal) 
and as a result of this a stimulation of adsorption occurs. This idea 
guided Spiro and Bruns * in their experiments. They found that 
salts and other substances which did not '^salt out^^ phenol from 
aqueous solutions, such as sodium benzoate, urea, glycerin, etc., had 
no effect in strengthening the disinfectant action of phenol. Pyro- 
catechin may be precipitated by ammonium sulphate but not by 
common salt; the former increases the disinfectant action of pyro- 
catechin, while the latter does not. It is also interesting that 
according to Paul and Kronig equimolecular quantities of salts 
added to a 4 per cent carbolic solution increases its action in the fol- 
lowing order: NaCl > KCl > NaBr > Nal > NaNOs > C 2 H 30 Na. 
According to Spiro and Bruns,* the same order obtains for the 
precipitating action of these salts on phenol; however, the sulphates 
exert a much more powerful effect. The close relationship of this 
series of salts to albumin precipitation and to many other biological 
processes is quite obvious (see pp. 81 and 272). Frei and Marga- 
DANT have determined similar relations between both the increased 
activity* of cresol soap solutions by salts of the light and of the heavy 
metals as well as the decreased surface tension induced by such salts. 

We may imagine that there is yet another possible way for salts 
or other substances to exert an influence by their mere presence. 
H. Bechhold and Ziegler showed that the permeability of jellies 
was influenced by certain substances, and from this we may assume 
that the permeability of the bacterial plasma pelhcle for a disin- 
fectant may be changed by the presence of a third substance. 

This assumption is reinforced by experiments of Eisenberg and 
Okolska which showed that alcohol, alkalis, urea and some other 
substances, which increase the permeability of jellies, also increase 
the disinfectant activity of many antiseptics. 

In practice the conditions are complicated enormously. We are 
no longer concerned with the distribution of the disinfectant between 
solvent and microorganisms but organic substances are added 
(sputum, albumin, feces) so that we have the sums of unknown 
factors which can only occasionally be resolved. The action of a 
disinfectant is usually much depressed by organic matter. This is 
also the reason why disinfection of the organism, an internal disinfec- 
tion or antisepsis, has so seldom been accomplished by chemical 
means. There are, indeed, substances so slightly toxic, that men or 
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animals may take the dose theoretically necessary to disinfect 
the body, for instance, tetrabrom-o-cresol and hexabromdioxydi- 
phenylcarbinol which, according to H. Bechhold and Ehrlich, 
stop the development of diphtheria bacilli in bouillon at a dilution 
of 1 : 200,000. In the organism they have no effect at all, in spite of 
the fact that there may be introduced into the body without harm, 
doses which are one hundred times that necessary to inhibit the 
development of the bacteria in vitro or to kill them within twenty- 
four hours. Tetrachlor-o-diphenol behaves similarly; it inhibits 
development of diphtheria bacilli in dilutions of 1 : 400,000 to 
1 : 640,000. Individual colonies still grew in a serum culture in the 
presence of the chemical at a dilution of 1 : 10,000. We might 
question whether the result was due to favorable vital conditions in 
serum removed from a living organism or to other causes. Experi- 
ment proved the latter view correct. By ultraJiltTation the free 
tetrachlor-o-diphenol was separated from the fraction bound to 
serum colloids and it was found that 87.5 per cent of the disinfectant 
had been fixed by the serum colloids. 

The relatively simple conditions in the disinfection of skin and hands 
are especially instructive. The hands adsorb solid particles from 
the air and particles of dirt and bacteria from dirty water (H. Bech- 
hold). Upon washing with soap these particles are surrounded by 
fatty acids or fatty acid alkali hydrolytically split off and cease to 
cling to the hands. A priori we might conclude that there would be 
a diminution in germs or disinfection associated with the cleaning of 
the hands; indeed, it was shown by earlier investigators and recently 
by H. Reichenbach that soaps possess considerable germ-killing action. 
I was able to prove that there exists absolute parallelism between 
the detergent and the disinfecting action of soaps. It is impos- 
sible to disinfect the hands with soap in any practicable time 
(10 minutes), though this can be readily accomplished with alcohol 
and alcoholic solutions. According to H. Bechhold, the reason is 
that alcohol with its low dynamic surface tension readily enters the 
capillary interspaces of the bare hand where the bacteria are lodged, 
but aqueous solutions, on the contrary, enter them very slowly. 
This can be readily discovered by the difference in the distance they 
ascend in strips of filter paper. 

[As the result of trench warfare the study of antiseptics in the 
treatment of wounds has received intensive study. Antiseptic sur- 
gery has been revived. Carrel and Dehelly have elaborated a 
valuable system for the treatment of wounds by irrigation with anti- 
septics of the chlorin group. The whole subject of ;wound irrigation 
has been restudied and new antiseptics discovered. 
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tL F. MrCLFAiHix, in thr Jnurnal nf Luinmilory and Clinical Mcdi- 
m\i\ August, IU17. " 'I'he Uclution of Pliysical Cluanistry 

to tlH‘ Irrigation of Wountls.*’ lit* (uupliasizcs the iinporiaiiee of 
protecting tht‘ tissut's fruin tlu* t»tTects of prolonged dilTusion. Tlie 
action tin* antisi*|)tit’H iUuploytHl is oxidative*. “Oxidizing sub- 
stances are, iHiwever, retluccd by cells aiul an idt*al local antiseptic 
would l>e one wfuist‘ reduction proeluct is indinVrent. Hydrogen 
peroxide fulls in this class hut is not a powt^rful oxidizing agent 
aiitl is t!tH’oin|Hised hy c’atalase so ratndly as t(^ re^nder a large per- 
ceiitagt* of it inelleetive. It acts as a nuadmuical cleanser, li 
infusoria are plactH! in a solution of the latter penetrates their 
|)rott»plusin and i**^ dtaa»inposed on tht* inside* with the lilH*ratiou of 
Imhhles of oxygiai winch hurst and destroy the* (‘(‘lls. More iisc‘ful 
age'Uts an* ieuliu and ctiloriu, cspe*cialty tlie latt(‘r since* 11(1 formed 
on its reduction may ht* neutralized hy XaliCDa that has been aeldenl, 
anti thus rimdercd inditTcrent. Accta‘tiing to Dakin and his eol- 
lahorattas, chltain hams ch!tanminc*s wlu*n it acts on protoplasm, and 
these clilonimmcs !mvt* an antist'ptic action. It is I rue*, however, 
that chlorm tixnh/t*H many lagnitic ctauptnimls witli the^ UlH*ration 
of HC1. t1dt*rin gas t-4*apt*s rapidly frtau its solution in water, hut 
this may ht* rclardtsl !»y the athlition of a hast* transforming it into 
hypiichlorittn Its oxidizing jHtwi*r is impairt*d, hovvev(*r, if the 
react ton is very idkalmc, JaU may In* restored hy huhhling (Mh 
tlirougli tlie :Holu!iim.‘* 

Mi1*LK,\ou\ lanpliasizcs the impeatunct* of having the* irrigating 
fluiel physhdogically normal. It is not c*iunigli in his opinion that 
the solutiem stitiuhl i’ontain the m\in in the proper proportion hut it 
must have the corrtni hydrogen iem e’om*entration This may 

he provuli»d hy ttubhlmg ( H through the lluitl anti measuring the fu 
with indicators. 

I1te most iiiijHirtnnt new antiseptics are tddoramine T or sodium 
toliieiM* siilplitiiicldoramidc solultle in water, and dichloramine T or 
toItteiie-{KHu!|iliono dndiloramine stiliihle in organit* solvents, and a 
parafliii siiiuriiletl with chloriu, cHlh*fl chUiroctrzane. S<.h* Handbook 
of Aiitiseplics ijK\htx and DeN'itA?iii). Tr,] 

The Method of Testing Disinfectants Considered in the Light 
of Colloid Research. 

For testing flisiiifectiiiits hacteria an* usually dricnl ou silk thr(*adB 
of iiiiirhles. dliesf* ufi* dipfwal in the disinfectant solution, and after 
ihi* soliilioii y rniiiivcd Iticv arc placed in IhhuIIuu or fluidiru*d agar. 
If the hiirti’riii tiavr hnui kilh*ft hy the immersion, no germs develop. 
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From the length of time required to kill the germs and from the con- 
centration of the disinfectant solution we may judge the strength of 
the disinfectant action. 

From the standpoint of the colloid chemist the silk thread pro- 
cedure contains a serious error of method. Even at present on 
account of its apparent simplicity this method is frequently em- 
ployed. We know from practical experience that silk is a very 
powerful adsorbent. The investigations of W. Schellens * on the 
relation of silk to sublimate is of interest in this connection. He 
shook 1 gm. silk with 50 c.c. of 1 per cent sublimate solution and 
then determined how much mercury was present both in the re- 
maining fluid, and in the silk after it had been washed many times. 
He found that the silk had taken up 6.04 per cent of its weight of 
metallic mercury but had fixed only 1.9 per cent. We thus see that 
silk retains very considerable quantities of sublimate. Similar re- 
sults were obtained by W. Schellens for ferric chlorid, ferric acetate, 
several mercuric salts, lead nitrate, etc. From this we must con- 
clude that silk is not a suitable germ carrier for disinfection experi- 
ments, since as the result of adsorption (no action can be ascribed 
to the “fixed’’ mercury, etc.) it retains too much disinfectant; on 
this account the germ cannot escape from the disinfectant, and ac- 
cordingly we are only given information relative to inhibition of 
development and not concerning the lethal action. Paul and 
Keonig chose, as germ carriers, marbles because the disinfectant 
can barely adhere to them by adsorption. H. Bechhold and P. 
Ehelich,* as well as H. Bechhold,*^ in their experiments on lethal 
action completely discarded germ carriers; they prepared bac- 
terial cultures on agar, which they covered with the disinfectant 
fluid. After removing the disinfectant, they washed the culture 
twice with physiological salt solution (which is finally made very 
faintly alkaline) and then transplanted the culture to a new medium 
(agar). On account of the thickness of the culture, very great 
demands are made upon the disinfectant by this method, but no 
germ carrier whatever is transferred to the new culture medium, 
and the method thus completely avoids the source of error men- 
tioned above. 

The experiments on the disinfectant action of formaldehyd gave 
such contradictory results, because the great adsorption of formalde- 
hyd by silk was ignored, as was pointed out, especially by Schum- 

BEKG.* 

In order to annul the adsorptive action of germs and germ carriers 
in disinfection experiments, an attempt was made to render the 
disinfectant inactive by chemical means, as it was found impossible 
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to accomplish this by washing. J. Geppert * inactivated sublimate 
by means of the action of ammonium sulphid; the sublimate is thus 
changed to the innocuous mercuric sulphid. In the case of formal- 
dehyd, ammonia is employed, for by means of ammonia, formalde- 
hyd is changed to hexamethylentetramin. There is no chemical 
agent destructive for phenol and phenoUike compounds to which 
objections cannot be raised. 

From the colloid-chemical standpoint, I regard the principle of 
chemically removing the disinfectant as erroneous in many cases. 
The idea which guided Geppert and his successors was evidently 
that if a germ which had been immersed in a disinfectant is placed on 
a suitable culture medium, the medium abstracts the last traces of 
the adherent disinfectant; it is thus washed just as a chemist washes 
a crystalline precipitate on a filter. In this way we consider the 
effect only for the time during which the germ remained in the disin- 
fectantj and J. Geppert and his followers seek to imitate this limited 
time by chemical destruction of the disinfectant when the germ 
is removed. As a matter of fact the process proceeds differently: 
when the germ is removed from the disinfectant and is placed on a 
fresh culture medium, it releases the disinfectant only slowly and 
incompletely in accordance with the laws of adsorption. We may 
compare the process to the ^^bleeding^^ of dyed fabric; especially 
the bleeding of cotton which has been dyed with a dye that is chemi- 
cally insufficiently fixed by the fiber and which for days gives up 
color when washed with water; the dyer says it “ bleeds.” Thus 
for a long time by a pure adsorptive action the germ retains the 
disinfectant and is injured by it. That this assumption is correct is 
shown by some experimental results taken from the literature, 
throughout which the expression is employed that the germs are 
“weakened.” This expression appears to me to be the transfer to 
organisms to which it no longer applies of a conception applicable to 
men and higher animals. 

According to J. Geppert, anthrax spores are weakened but not 
killed by the action of 0.1 per cent sublimate solution for 15 min- 
utes. They arc unable to develop even in a culture medium which 
contains as little as 1 : 2,000,000 sublimate, whereas normal an- 
thrax bacilli thrive quite well in this medium. Our interpretation 
of this is that anthrax spores previously treated with 1 : 1000 
sublimate adsorbs so much sublimate that they are in adsorption 
equilibrium with a nutrient medium that contains 1:2,000,000 
sublimate. 

Heinz says, “Sublimate acts in animal infections just the same as 
when transplanted upon artificial media and the minutest traces 
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suffice to prevent multiplication or the infection of animals on the 
part of the germs weakened by the antiseptic. 

^'Anthrax bacilli (Heinz) like anthrax spores prior to the lethal 
action show a stage of weakness in which the bacilli are unable to 
grow in a nutritive medium containing a minimal amount of disin- 
fectant. Thus anthrax bacilli which had been immersed in 1 per 
cent carbolic acid (and had not been killed) did not grow in a culture 
medium which contained a small amount of carbolic acid, ” whereas 
fresh anthrax bacilli grew luxuriantly. 

I find a very instructive example in Ottolenghi^s * paper. He 
says, “The fact is very interesting, that occasionally certain paper 
strips (he soaked blotting paper strips with an emulsion of anthrax 
spores, dried them and then placed them in sublimate solution) after 
they have been subjected for 24 hours to a sublimate solution (up to 
2.712 per cent) and were inoculated into guinea pigs, may yield a 
luxuriant development of anthrax bacilli if they are removed from the 
thoroughly healthy animal after one week and are placed on media 
after a thorough treatment with H 2 S.” The results of H. Reichen- 
BACH^ are to be judged from the same standpoint. After treating 
anthrax spores with sublimate, they first lost their activity in the 
bodies of animals, then their ability to grow in bouillon (without 
ammonium sulphid treatment) and only after a much longer time 
did they cease to grow, even after treatment with ammonium sulphid. 

Unquestionably numerous analogous examples would be found 
were the literature carefully studied. 

It may be seen from this that in disinfection experiments, the 
chemical removal of the disinfectant may lead to false results, that it 
may simulate a weaker action of the disinfectant than it actually has, 
i,e.j a weaker action than it possesses in practice under natural 
conditions. On this account I regard repeated washing of the germs 
with indifferent solvents (water or physiological salt solution which 
is finally made faintly alkaline with soda) as the proper method for the 
removal of the disinfectant. Whatever is retained by the germ after 
such a washing would also be retained under natural conditions. The 
Bechhold-Ehrlich method of killing germs (see p. 406) meets all 
these conditions correctly. 

This criticism relates to the testing of disinfectants against germs 
which can directly enter the organism (disinfection of the hands, 
antiseptics, etc.). It is otherwise with substances which serve 
for the disinfection of stools, sputum, etc. Under these circumstances 
we must consider that the disinfectants penetrate an environ- 

^ According to personal letter. See also H. Reichenbach, Zeitschr. f. Hy- 
giene und. Infectionskrankh., 60 , 455, u. 460-462 (1905). 
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ment which contains hydrogen sulphid, ammonia, etc. The testing 
of a disinfectant must always take its use into consideration and be 
accordingly varied in different cases. [The criterion of Carrel and 
Dehelly is the bacterial count per field in smears taken from the 
wound. Tr.] 

Diuretics and Purgatives. 

Diuresis and defecation may be influenced in the most varied ways, 
for instance by increased blood pressure or by increased peristalsis — 
in brief, by such factors as chiefly exert a more or less specific nervous 
action; similar effects may be obtained by a purely mechanical 
facilitation of secretion or by hindrance of absorption. 

We have repeatedly referred to the lyotropic series of the alkaline 
salts (see pp. 80 and 296) and have shown among other things, that 
there exists a remarkable parallelism between the swelling of gelatin 
and fibrin, the precipitation of albumin and lecithin and the irrita- 
bility of frog’s muscle and ciliated epithelium. Also for diuresis 
and defecation there exist such evident relationships which we shall 
here elucidate. We give the classification of F. Hofmeister. The 
figures above the columns I, II, etc., indicate the concentration of the 
salt solutions which are necessary to salt out globulin. 


I. 

11 . 

III. 

IV. 

V. 

1.51-1.66 

2-2.03 

2.51-2.72 

3.53-3.63 

5,42-5.52 

Li sulphate 

Na sulphate 
Na phosphate 
K phosphate 

K acetate 

Na acetate 

K citrate 

Na citrate 

K tartrate 

Na tartrate 

NH 4 sulphate 

Mg sulphate 

NH 4 phosphate 
NH 4 citrate 

NH 4 tartrate 

Na carbonate 

NaCl 

KCl 

N a nitrate 
Na chlorate 


The various members of Group I are purgatives; those of IV and 
V are diuretics, while the action of those in II and III with the 
exception of magnesium sulphate are not sufficiently definite to be 
of any service. 

Obviously, the anion is of the greatest importance for the action 
of the above salts: w‘e observe that Cl and NO 3 have the highest 
rate of diffusion and are most rapidly absorbed. NaCl, KCl and 
NaNOs aid swelling so that a gel swells more rapidly in such a salt 
solution than in pure water. From this it follows that the in- 
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testine will take up such solutions more rapidly than pure water. 
Accordingly, all the conditions necessary to give the body a large 
quantity of dilute salt solution are fulfilled. We know from Chap- 
ter XIV that there is a strong effort on the part of the mammalian 
organism to keep constant the swollen condition of the blood and 
tissues, as well as the osmotic pressure. For this purpose, the 
kidney is most important, since it is able to remove excess of water 
and salts. We may even at present recognize thus the qualitative 
relationship between physical properties and the diuretic action of 
Groups IV and V. Unfortunately, we are not in a position to pursue 
the process quantitatively, but we may assume that there would not 
be a simple relationship. The above-mentioned physical properties 
of Groups IV and V are to be classified not only in reference to the 
intestinal membranes and the Iddney function, but they also pay 
a role in the irritation of nerves and the contraction of muscle (see 
p. 289 et seq. and p. 354). According to Wo. Pauli the majority 
of cations raise the blood pressure, whereas Br depresses it. This 
explains why bromids are of no use as diuretics in spite of the fact 
that they might be classified as such from their behavior with colloids; 
the depression of blood pressure they cause opposes their diuretic 
action. Hypotonic common salt solution and potassium nitrate 
solutions remain therefore the chief diuretics among the alkali salts. 
In fact, it is the solution of common salt which plays, in the Spa 

mineral water cures,’^ the chief part in increasing the urinary 
excretion. 

The result is quite different when solutions are introduced directly 
into the blood stream. A physiological salt solution is excreted 
practically quantitatively. If we inject a hypertonic salt solution, 
then more water will be excreted than was introduced, and (within 
certain limits) proportionately more will be excreted the greater the 
concentration. This is not surprising, liccause the salt withdraws 
the water of swelling, especially from the blood corpuscles and the 
muscles. The water thus set 'Uree” is then filtered away by the 
kidneys. Sulphates, phosphates, tartrates and (dtrates, etc., of 
sodium impede diuresis when taken by mouth; however, when di- 
rectly injected into the blood stream, they are even more strongly 
diuretic than common salt. This depends on their strong dehydrat- 
ing action and their low diffusibility. Mabtin H. Fischek by in- 
troducing such salts was able to make a kidney, which had been 
edematous by ligating the renal artery, function again. On in- 
jecting an appropriate salt into the renal artery or even into the 
kidney itself the swelling subsided and the anuria ceased. 

According to E. Pbey,* if we inject the salts mentioned along 
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with narcotics (morphine, chloral, ether, urethan), no diuresis de- 
velops, and on the other hand the absorption of water from the in- 
testines is unimpaired. This is explained by the fact mentioned 
(p. 338), that such narcotics inhibit the oxidizing processes in the 
organism, which results in a greater fixation of water C'acid swell- 
ing'')- 

What holds for electrolytes is also true for nonelectrolytes. We 
have recognized in urea a substance which greatly aids diffusion 
through jellies (see p. 55) and which opens through the hydrogel 
paths for itself and other substances; as a matter of fact it acts as 
a diuretic. I wish to mention some additional facts concerning 
ammonium salts and the cleavage products of protein. All the evi- 
dence (see pp. 80 to 82) is in favor of the view that the action of 
the cations and of the anions of an electrolyte is antagonistic and that 
they mutually counteract a portion of their own activity. Thus NH 4 
seems to oppose the precipitating and dehydrating action of SO4, 
citrate, and tartrate anions to a greater extent than K and Na (see 
the Series III of our group). If we bring this into relation with 


/NH2 

analogous action of urea CO we may in general attribute to 

\NH2 

the NH2 and NH3 groups the property of aiding diffusion and we 
also understand the ease with which protein cleavage products are 
absorbed, for they occur in the intestines largely spht into substances 
with free NH and NH2 groups. 

Martin H. Fischer explains the diuretic action of digitalis prepa- 
rations and of cafein as follows. They increase the strength and 
frequency of the pulse, increase the utilization of oxygen and thus 
the blood supply of the kidneys is increased and the “free" water in 
the blood is increased and may be excreted. This agrees with the 
results of Sobieranski, Hirokowa and Grunwald who found that 
the diuretic action of caffein^ theohromin and diuretin depended on 
their interference with reabsorption. 

Grunwald was able to show, for instance, that rabbits on a 
chlorin-free diet when treated with theobromin finally perished for 
want of chlorin. The chlorin removed from the body by ultrafiltra- 
tion was not restored by reabsorption. 


Purgatives. 

If we wish to explain the action of purgatives we must first re- 
view the processes in the intestines. The intestine is the place where 
secretion and absorption occur. The volume of the secretion of the 
salivary glands, the stomach, bile, pancreas and intestine is, accord- 
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ing to H. Meyer and R. Gottlieb,* about 3 to 4.5 liters daily. The 
amount reabsorbed is a still larger quantity. An increased absorp- 
tion of fluid is followed by an increased secretion of fluid into the 
intestine. The final result depends on whether more fluid is ab- 
sorbed or secreted (into the intestine) or vice versa. If the secretion 
exceeds reabsorption the intestinal contents are fluid and volumi- 
nous, and we have one of the conditions for easy defecation. On this 
account substances having a capacity for swelling counteract con- 
stipation. Persons suffering from constipation are recommended to 
eat considerable quantities of vegetables and graham bread, because 
the indigestible cellulose they contain retains water. This accounts 
for the laxative action of agar. In addition, all substances which act 
on the intestinal nerves by increasing peristalsis will favor defecation. 

The effect of alkali salts have been most exhaustively investigated, 
but before we consider them we must recall the observations of 
Loeper.* He found that salt solutions which were introduced orally 
either in hypertonic or in hypotonic solution, when they reached the 
intestine were in practically isotonic solution. We can accordingly 
disregard all hypotheses which seek to explain the action of purgatives 
by differences of the osmotic pressure of the intestinal contents. If 
hypertonic or hypotonic salt solutions have an effect notwithstanding, 
we must explain this by indirect action, for hypertonic salt solutions 
inhibit gastric movements and thus interfere with the progress of 
the chyme from stomach to intestine. 

We saw that the chlorids and nitrates are diuretics; the sulphates, 
phosphates, citrates and tartrates are chiefly purgatives, so that the 
last-mentioned anions must possess properties which either increase 
secretion, diminish absorption, or strengthen peristalsis. 

Some diuretics may purge by reason of increased secretion. Table 
salt acts in this way and, in mild constipation, it is given in dry 
form in Spa cures, or as sodium bicarbonate.^ 

In the case of the real purgatives of Group I, it is a question 
whether their action is directly on the intestinal mucous membrane 
or whether they increase peristalsis through nerve stimulation. Pos- 
sibly they may impede the absorption of themselves and other sub- 
stances by dehydrating and precipitating albumin. This does occur 
in high concentration (1 gram equivalent Na 2 S 04 ). G. Quagliari- 
ELLO * has shown in the case of sodium sulphate that for such salt 
concentrations as enter the intestine after passing through the 
stomach, the imbibition of water is no different than for sodium 
chlorid, and accordingly that there is no direct action by such purga- 
tive salts on the intestinal mucous membrane. 

^ Changes into sodium chlorid with the gastric hydrochloric acid. 
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Wt* niunt therc'fort' strive to (Uscovct what facts speak for a 
stn^igtluniiug of pc^ristalsis ])y such salts. 

Iiitc'rc'sting obsc^rvatious by MaoCWjLUM in agreement with 
obstTvaiious by J. Loioh***^ show, as a matter of fact, that the salts 
of (iroup I (*xcrt ou musek' aiul nerve a stimulating effect which 
iiulu(H‘s am tnerea^svd pvn^stdlsiii of the intestines. This occurs not 
only when (‘it ratt's, tartnitt^s auul sulplnitc's are phxced in the lumen 
of tlu‘ int4‘stin(‘ but ailso wht‘n tluy iir(‘ injected subcutameously or 

intm,vc'nouHly, and (wa^n dro|)ping ai — solution of siuih sailts on the 

o 

IKTitoneal surbuu^ of the intt‘stin(^s induces especially strong peris- 
taltic int(\stinal movc^rtu^nt, so tluit aiccording to Wo. Pauli the 
intestinal activity may twt'u aipproaudi tluit of a gastro-enteritis. 
With this imanxisc' of p<‘ristailsis tlu'n' is aissociiitcnl am active secre-- 
iim into tht' iutt'stinc, so tluit iiccording to MaoCJallum the empty 
mih of mnall intestine of ai rabbit. bcHuinui filled with secretion 
(20 c.c.) wlum ai drop of sodium citnitc'i solution wais phxced on the 
pcTitomuil (‘oat, 1 wish to r(‘call that those' anions raise the blood 
prt'ssim*, auid possibly tlu' iucnuisc'd secretory activity stands in 
ndation to tliis. 

iMagiU'sium sulphate is oni^ of tlu' best known cathartics, although 
on account of its phuu' in (Jroup III of our tal)le we would hardly 
expc(’t that it sliould hav(' any special aclion. This need not surprise 
us, sinct* tlu're ar(' in tlu' intestiiu' Na ions which largely inhibit the 
antagonistic action of Mg ions, and as a n'sult the BO^i action is 
bnnight out. According to Mac?(-allum, if w(^ introduce MgCh 
(instt*ad of MgSt) 4 ) or (hiCd-i solution into tlu' intc'stiiu', or inject 
tlu'in into tlu' (circulation, th(‘ pc'ristal ic. wav(*s which catrates or 
fliiorids, for instance*, strongly indmu', an* inhibitc'd. This agrees 
(*otnpl(*t(*!y with our pnanist's, ata'ording to whic^h th(^re (exists high 
anlagiutistic action of divalent cations (s(*(' p. 82) as lu'rc (exemplified. 

( aC % diininislu's diun'sis as w(‘ll as <lcf('cation. 

FiiANKL* and Aumh* found c(*rtain (*ontradictions to the results 
of *MacKI\llum. They claim to have* ol)S('rv(*d no diarrhea upon 
injctdlng HnlHUiiaiUHniHly or int.rav(*uously dilute' purgative salts, and 
to havi* obm'rvi'd vvvn eoustipatiou upon (‘m])loying more coucen- 
trat 4 *cl solutions, J. ll\N(’H(u*n%^ on the* (‘ontrary, confirms the results 
of Mac^C-allom. From all of which it may Ix^ concluded that, as 
was to bi* ('X{K*ct 4 xl, the n^sult chi(*fly d('p(mdH upon the conditions 
of (concentration and uiK)n tin* kx'atiou wlu'rc^ these conditions are 
ii(div(% In tins ('onnc'(*tion tin' old ('xp(*rimcuts of roN Hay* are 
viTy instructive. If lx* gave* large* (iuautitit*s of sodium sulphate by 
mouth, it alwtracttxl fluid until its (‘(>uc(*!Vtratiou luid fallen to 3 pex 
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cent after which diarrhea occurred. If he deprived the animal of 
water for 1 or 2 days and gave only a dry diet, even concentrated 
solutions of Glauber^s salt (20 gm. salt) had no cathartic action. 
The same quantity of salt diluted to a 5 per cent solution resulted in 
strong catharsis after one or two hours. We see, therefore, that the 
condition of the tissues and blood colloids in respect to swelling play 
a most important part in these processes. On this account it is 
possible to employ the salts of Group I and MgS 04 either to purge or 
to dehydrate the body as may be necessary. It is important to con- 
sider how purgative action is to be measured; whether according to 
the amount of dried substance passed or according to the total 
quantity including the fluid. A fluid stool permits us to conclude that 
there is an increase of secretion or a diminution of absorption, an 
increased amount of solid feces suggests an increase of peristalsis. 


Astringents. 

Constipating substances, i.e., those which diminish the intestinal 
or even the gastric secretion and peristalsis, are substances which 
diminish stimuli. As such are employed, as has been mentioned on 
page 365, hydrophile colloids (mucilages, etc.), as well as strongly 
adsorbent suspensions (talc, bismuth subnitrate, bismuth subgallate). 
More powerful actions are obtained with such substances which tan 
the intestinal membrane superficially and in this way interfere with 
the secretion of the intestinal glands, or at least arrest absorption 
at the point affected. Most important of these is tannin and such 
tannin compounds as are dissolved in the intestinal juice (tannalbin, 
tannigen). 


BALNEOLOGY. 

It would certainly be a fortunate circumstance for balneology if 
we knew but a small fraction as much about the physiological action 
of medicinal springs as we at present know of their physical and 
chemical properties. Every mineral spring, no matter how insignifi- 
cant, has its chemical composition determined to the fiifth decimal; its 
osmotic pressure, conductivity, radioactivity, etc., are investigated 
and the possibilities of its therapeutic activity are lauded and its 
clinical successes (not the failures) are carefully registered. 

The scientifically determinable and explicable effects are con- 
sidered by very few. From these remarks it must not be concluded 
that valuable clinical results are not to be obtained by means of 
balneology, but that its scientific basis is largely undetermined. 
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Water and Solutions. 

In t 'hapt(‘r XIV I that tlie body colloids have a normal state 

ot swclliup; and that tluy stand in cUdinite sivelling rdatiom to each 
othiT. Tlius, wlu4i th(‘ (‘oudition of swelling in one organ, i.c., the 
inuHclt‘s, (‘hangers, it must in turn influence th(^ condition of swelling 
of other l>ody colloids; as in the ciuse of every other substance there 
is for wahr, a definite' didribufion in the organism. This distri^- 
bidimi of waUo' is depmulent. on the capacity of the organ colloids 
ta modi and this again largt'ly dt'jxmds on tlu' amount of electrolytes 
contained. 

It is v('ry prohalih' that during life the crystalloid content of 
organ <‘olloids sufT<‘r (H'rtain changt's which may even bc^comc patho- 
logical. rudtu’ sui‘h (‘ircumstaucc's, it is c.oiUHHvabk'. that a thorough 
flushing of t h(' body with wat(T such as our ancestors weni accustomed 
to undertaki' (‘very spring to ‘‘purify th(' blood” might be of great 
valu(‘ inasnuudi as it rt‘stor(‘s th(‘ normal swtdling. 

It would b(‘ very d(‘sirabl(‘ for tlu* (diu^ulation of this question to 
uudt*rtak(* a tliorough experinu'nt4d invi'stigation of the swcdling 
capainty and swcdling rang(‘ of th(^ organs at various ages under 
normal and paihologi(‘al conditions. 

Just as a drinking “cure” so a thirst '^cure” (Somu)TH\s “cure”) 
may inllmmcct tin' condition of swelling. [KahkijJs Treatment as 
W(*ll as TtiFKNm/H ow€'. much of tlnur ellicacy to “drink restric- 
tion.” p, 2;i4.) Tr.l 

In various parts of this book, thc'r(‘ have'. Ixnm thoroughly de- 
i4(*rihed the great signific^aiu'.e of (dectrolytes for the swelling of c(dl 
colloids, tlu' viscosity of tlu‘ blood, th(' influentu^ of heavy metals on 
solubility (urati's, linn* salts) and tlw* a(*.celeration of fermentative^ 
clcaviiges and Hynthc’sc's, /.r., tin* ac(s'l('ration of metabolism. The 
introduction into tlu* body of (*lectrolyi('H in tlu* form of mineral 
umtrrii is tlu* original and <^HS(*ntial fuu(*.tion of balneology. It is. 
C|utt«* tsmccivabh*, that tlu* incn*iiHe in th(^ body of definite anions 
iir (*ations might satisfy imimrtant tlu'rapeutic demands. [Eadio- 
fictivity should Ik* (‘onsidercHl a imssiblo therajXHitic adjuvant, sec 
yavaAitOKMAKKE, IL, Atupu-nulioactivity, Am. Jour. PliysioL, 1918, 
XL\\ p. 147. Ti%l 

Wi* hav(* at prt‘H<*nt nothing to supiK)rt even the idea, that conccn- 
tratiem of a d(*fmite ch*(‘trolyt(* is iK)8Hible. 

There an* a f(*w indi(^ationH which favor this view. It may be re- 
c*alli*d, that liypi'rttmic* salt Holutions r(*Kult in a destruction of tissue*; 
liyiMitonic Holutions, in a diminish{*cl metabolism of protein (sec E. 
Eosr W(* must also rcmemlwr that ccdls are not impermeable for 
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ions, hut thiit uocHiiiipiiiiyiui^ tho ahMtnM'tiiJU ai uiitrr h\ lij jioriiiiiio 
Holutious a imivtniiMi or iiit4UThiiiiu«* ^4 uui^ may uiaair. 

For tlM» ciiuiTilu ami purgativr luAum of iiminil mlln mn:^ piigo 

409 ii mq. 

SALVES, LIHIMEHtS. 

HalvoH mul similar prr'parattoiis iirr iri'i|uiml!y miiiltiynl nut. only 
to eovor wouutis hut also with tla* ohj«nU oi inlnitliiriiip: iiirtliriiit^s 
into th<* body throiii^h flit- ^km, Hu* .nktn iihnurtiH mily mrh 
stiuiroH m arr s<.i!uhlo in fill; this has ln^ni oMt-ahli.Hlird hy tlir itivrs- 
tigaiiouH of \V. FuauiXK* iiiitl A. ^ 

Thu colloidal properties of fats thmrw our iitlriilioii. I1ir rmiliiig 
siUisation induced hy a*!4 nrnm ilr|iriiri^ on its vnpmnly ha Imidiiig 
wator; it takt*H up iihoiit 2H |«*r mi! water wlurli oliviously llir 
diHp«*i*Hcd plias-o, Wtail fat is “hydreip^**^*' to a hIiII i^rriitrr rxtiiit. 
It taders commerce as lumdin anti the hasr lor ^^aUet**, \\r .saw 

that hy means id hyitfiiphih* lecithiu. water siduhli*, tlioui*'h i.uiiiiiarily 
fat-ilWoluhIi% HUhslaitCt'S, Slieh as ^Ui^tar, f»**e«iiiie ■^eilulile III hit, I*iw« 

nihly we may nltritaite to iIuh pro|*ii!v, alien it i-. pn^-^^rni, fl«^ 
|H*netration into the body ihroinili the ’4%iii hv lorair^ of *-‘ialve.s, of 
mtalicammith for winch tin* skin e< otherwe^r iiii|.w*riii«‘ahltc [Ak* 
KLHoOi Jour. Industr. iitid Fug. iliein., Vo!, tV,* |i, tl2d, gives the 
metlicHl for |iri‘j'taring nUyl iiletihot a,s a .^udeUiiiii.r for hiiioliii and 
cmci'rim Tr.I 

P. (#. l.-NNA* shenved that the hvilrophih’ eoirstiliiimt of wmil fat 
is the oiycholeshTiii group. Fivt* parts of ihi-H liiltrr. ini-iieii with 
% parts of piiraffm i.»tnlmiml. ar** ithh* to tuuir with IlMi mil of 
water* (It mk?w commerce m vmtnu,) 



CTTAPTEH XXIII. 

MICROSCOPICAL TECHNIC. 

The nii(*roH(‘<)pi(‘ study o( organisms and ])arts of organs is one of 
ihv most important tasks of biologists and physicdans. The princi- 
pal objiH^t of ilu* mi(‘roscopist is to d(Hluc(' from th(‘ form of an object 
its nature' and vvhc'tlu'r its appc'araiuu' is normal or diseased. 

Ilt*markablt‘ progrc'ss luis Ixs'u made' in this fie'ld though the'. cheTni- 
e'al iutt'rpre'tatie)U e>f the' mt'the)els e'mpbyeel is still in its iufane^y. 

To prt'part' an obje'ct. for mie'.roscopical e'xaminatie)n it must be 
sprt'ael out ve'ry thin upe)n a slide' and, if ne'cessary, maele transpar- 
e'ut. In the' e'ase' e>f uuict'llular e)rgauisms (bae'.te'ria, proto^ioa, etc.) 
ne) furthe'r pre'paratiem is ne'ex'ssary. If the' pre'se'nex' e)f bae^teria is 
te) be' eh'tt'rmine'el it> suHieu'S to spre'ael the' obje'ed. in eiue'stiem on a 
slide* with a platinum le) 0 ]) anel to dry it at me)ele'rate* te'inpe'rature 
by elrawiug the* sliele thre)ugh a Bunse'u flame' se've'ral time's, se) as to 
coagulate* the* albumin. On aces)unt e>f the* iute'usity with which 
bae*te*ria and ctH*e*i stain with basie'. elye'S (nu'thyle'ne^ blue, e'.arbol 
fuse'hin, e'te.) it is usually an e'eisy matte'r te) re‘e‘.e)gni:^e them in the 
othe'rwise* struevtnre'less ce)agulum. 

Organs of higlu'r }>lauts and animals must be^ e'ithe'r tt'anenl e)r pre- 
pare'el in thin se'ctienis. 

Tlu* le'iist de'(*e'ptive* obje*e't is luiturally the* living e)rganism, as wo 
He*<* it, for instaiuH', in hangieig drops, in the* moist chambe^r or the 
microH(;ope* stage* aeiuarium of J. Oe)Hi, e*te%; e'vcm in highe'r ani- 
mals Homc! invc'stigations may l)e made' wliile^ tlu'y are still alive by 
sprt'ading out imrtions of organs still e'omuud^exl with the animal so that 
thc'y are^ transparead . In this way w<^ may see, for instance, the cir- 
('ulat ion of tlu^ blood in the lungs and in the^ wed) of a frog’s foot. Much 
more* fre'(]uc'ntly an o|)portunity to ('xarninc* surviving tissue pro 
sc'nts itsc'lf. It is by no means necessary that at the momc'iit that 
the'aeiimal itse'lf elie's, a give'u organ or cell should dicn Led. me^ recall 
that tin* hc'art may Ix' isolate'd imme'eliate'ly aftc'r an animal (cat, 
frog, e'tc'4 has hi'en killexl and may e'ontinue^ to beat for a long time 
if suitable ini'ans are* e*mployc*d. Le'ucoe.ytc's of warm !)le>od('d 
animals slmw proioi)lasmie movenu'nts, if ol)Herv('d at 37®, ewen as 
long as a half day afte'r the animal’s deaith. It goc's witliout saying 
that this must oevm in a menlium whie*h cause's lu'ithe^r swelling nor 

•U7 
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shritiking. Part' wuti'r is nevor suitrtl fur tliis; h stthititiu 
whirli a|)proaclu‘S in its oumiHisituai that whirh halites the ttrgan is 
host. In many oiusos “ phy.siolngieut salt suhifhm'' is ample; iu 
mammals this conttiins O.S.'i per rent ettmimm salt, in other kinils t»f 
animals this nuiy ativtintaKoonsly he reihteed to I)..") per cent. Mven 
though the living or .surviving organism presents .a mieroseopieal 
picture tlovoitl of artifacts, on the tine htiml it is nirely possible to 
examine it and, on the other, many ih*t!itls are eottcejUeti, since the 
refraction of the tlifh'rent cell elements is jihuitst equal. ( >u this 
account \vc art* comitclletl ttt section ami stain the organs. 

Hinct* even the death of the cell causes changes in structure, these 
changes with the chemical tuanijtulations nlntut to Ik* tlescrihed 
may reach a grade which leads to the gravest errors, t )tdy ahsoluh* 
ignorant*!* of colloid proet*s.ses explains htiw artificially priiducetl 
flocculations, coagnljitions ami strintions tafter treatment with 
silver nitrate and iHita-ssium hiehromate). etc., could In* cunsitlensl 
definite eonstitu(*nts of et*Us, and it is a pity that numerous (jains- 
taking iuve.stigHti(ms must, its a re.sult of this, he eonsidereil mere 
waste pai«*r. By indicating these errors A. h'tsi uKit and Wti.riiKu 
Beiui, Its W(*ll as Tji. v. WAstKi.KWSKt, jM*rformed a great .servh'c. 
Accordingly, A. FtsenKK distinguishes reagents which form granules 
(nuclei) and those which form eongula, and W. Htatu also calls at- 
tention to those which pnaluee granulated pellicles and envities. 

If then, ns may Ih* He{*n from the fon*going. we may «>htain dilTerent 
structur(‘H hy means of difTi*rent reagents acting on the same ImkHcs 
ami, convers(*Iy, with the sium* ehemieal sniistrutei* priMhiee the same 
microscopic pictun* on dilTcrcnt iMslies, we may hy amirate <’om- 
parativc (*xiM*riments nmke valuahle deiluetioits, ’ It is hardly jMtssilile 
to <*mploy such metluKls iu (lt*termining form, Init for the understand- 
ing of the colloidal nature of the ohjis-t exiuniited they offer a hmad. 
uncultivated and promising fH*ld for i-olluiil research. 

The preparation of dead material for mieroseopie examittation may 
be dividt*d into maceration and isolation, fixation and hardening, 
decalcification, bleaching, embetiding, sectioning ami nmunting, and 
finally staining.* 


Maceration and Isolation. 

Maceration and isolation an* fttr the puriMwio of difwojving apart 
the constituents of an organ (eells) ami thus to recognize their con- 
nection and to make it ixwsihle to cxiunim* the i»olate<l eells. 'Hie 

1 J foltiiwiil hw ihmhns-tiiiiw given m the ’• {.. hrl.in h 

numcrouD dotailwi ilircfitKins should lie of vidunhlc iui«ist«ice to evi rv lius lieiiiwi. 
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ar(^ placHnl (deperuiin^ on the variety) in 15 to 35 per cent 
2 iU*ohol or in pluyBiological salt solution which contains 2 cc. of 40 per 
<a*nt fonnakh^iyd pc^r lit(‘r, or into 0,1 per cent to 0.005 per cent 
ohroini(‘ acid, or I p<a' cent osmic, jicid, dilute picric acid, 20 per cent 
nitric* 2 U‘id, pun* IICU, jjivc'lh* W 2 it(‘r or many other solutions recom- 
nu*nd(*d for p 2 irtic‘ular purpose's. Obviously, with the first mentioned 
Hulmtaiu'C's w(* may dissolve* the* (‘.onnections by a differ (mtial ^shrinking 
iff the cell conditueNts^ bc'cijiuse as we shall see the identical substances 
are e*mploy(*d in difTi'rt'ut coiuanitrations for fixation and for harden- 
ing. Hubstan(*(‘s such as 20 pc'r cent nitric acud, pure HCl, etc., 
oljviously clauigc' tlie (’cment substances chemically. Wo xmderstand 
the action of digestive fluids (tK' 4 )sin-HCl, pan(*r(uitin) to bo similar, 
yi't tluy have* not proven very satishxctory. After successful ^'mac- 
eration’* it is Honu'timc's suflic'icmt to sluike violently the ol)ject whic^h 
has bt‘<‘u tr('at(‘d to (‘iuisc* it. to lall iipjirt or it may be teased on the 
Hlidc* with nec'dles or 21 (‘ojirsc* brush. 

Fixing and Hardening- 

WhcTtiiH the* methods pnwiously descrilx'd permit the recognition 
of individujil (*h*mt*nts of n tissue*, th(*y do imt permit a study of the 
ridations of th<* tissue* (*l(*m(*ntH, th(*ir (U)nn(*ctions iind, in short, the 
entire* tissue* structure*. For this purpose ii thin s(*.ction of tissue 
must bt* pn‘pan*d iuul stjiinc'd. B(*for(* doing this it is frequently 
iu*t*{*ssary to fix and hard(*n th<* object to lx* studied. 

Fixation is und(‘rtak(*u for the purpose* of nuiking the partly fluid 
and partly semifluid constitu<*nts firm, so th2it th(*y stop changing, 
neither Hw<*lling, shrinking, (‘oagulatiug nor tlx*, like* and so that tlxdr 
a|qx*arancH‘ sliall n*main 21s lU'iirly lif(‘lik(*, or 2it least as fresh 21s 
IHmsiblf*, In ordi*r that this (U)ndition shall Ix^ nuunbiined through nW 
the later manipulations. By fixation, the* r(*Uitions Ixdwec'ii the* dif- 
ft*rt*nt tiasuf* c*h*mt*nts an* made* iH*rnuuu‘nt. Tlx* object is frcqix'ntly 
i4.m soft to si*etion, ho tlxit it must be Hul>j(‘(d(*d to a special procc*- 
cturi*, hardt*ning. Vi(*W(*d colloid-clx'mituilly, tissiu^s may be consid- 
ered U> consist of (1) irrevenrible dightly elaMic gekj (2) reverdhle 
rlmiir gth, ( 3 ) noln. All H()rts of tnuisition state's ('xist. 

Ae<*ordingIy, fixation n'lxk'rs eneh (X)nstitu(*nt completely insol- 
nlile, unslirinkabk* atxl incjtpabk* of HW(*lling; tlx* sols 2ir(* changed 
fn gids, and no shrinking or Hwt'lling should occur during the fixation, 
h'imdly, it nmst he* |X)ssihk‘ to sbiin the* obje*(‘,ts well, and ‘'eonsc- 
cineiitly tlx*ir e'Ix*mic*al pre)p(*rtie*s must iu)t be* tex) nielically edxmgexL 
If is a prof dean almost impossilde* to sedve*. For tlx^ sake of (xxrqxiri- 
evi*ry one* knows how grt'at aiul 2dme)Ht insupe'rabk^ diffieniltics 
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are often presented by the fusing together of a metal wire and a glass 
tube because of the different degree of contraction (shrinking) upon 
cooling. Cracks frequently occur. Now imagine how very compli- 
cated the problem becomes whenever three, four or perhaps a dozen 
fused ingredients are subjected to a manipulation to which they react 
differently. This simple consideration teaches us that we can never 
expect a piece of tissue that is fixed and hardened to show the same 
appearance as when it is alive. Only by comparing pieces of tissue, 
treated in different ways, can we recognize what is normal and what 
is due to fixation, but even in these distorted pieces we can see the 
places of least resistance where inequalities of staining exist, and by 
careful consideration we can learn much even from such pieces as 
are regarded as spoiled by histologists. 

Of course, a fixative must not block its own path. If massive 
organs, e.g., the brain or liver, are to be fixed, the fixative solutions 
have a great distance to travel before they reach the center; if 
shrinkages or precipitates are formed at the periphery, the diffusion 
paths are closed at the outset and the fixative could never reach the 
center even if such objects should lie in the fluid for weeks. It is 
quite reasonable to expect that in such large organs the central 
portion will show a different kind of fixation than the periphery. 

We can well understand how temperature plays an important r61e, 
conditioning not only the rate of diffusion but also governing the 
processes of coagulation. 

Wherever feasible the objects are cut into small pieces and placed 
in very large quantities of fixative fluids (50-100 times the volume of 
the object) so that too great a dilution shall not occur and the action 
shall be quite uniform; if the fixation is prolonged the fluid must be 
renewed from time to time. 

Among the fixatives an important r61e is played by certain elec- 
trolytes (chromic acid, bichromate, mercuric chlorid, picric acid, etc.) ; 
they cause swelling in solutions that are too dilute, shrinking in too 
concentrated solutions. On this account C. Dekhuysen and W. 
Stoeltzner prepared “ isotonic solutions which cause neither swell- 
ing nor shrinking. These authors, as may be seen from their method 
of expression (hypertonic, hypotonic), evidently proceeded from prem- 
ises which depend upon osmotic pressure, a factor involved only to a 
very limited extent. By treating the whole practice of fixation from a 
colloid standpoint, doubtless a whole series of valuable new methods 
of fixation would be evolved for histologists. Such a study would 
furnish us with more definite rules for knowing why, on the one 
hand, one solution is more suitable for marine animals, and on the 
other, why other solutions are more suitable for mammalian organs. 
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It is quite clear that the action of the same fixative differs, depend- 
ing upon the variation of the electrolyte content of various animals 
and plants. 

From what has been said, it may be concluded that alkaline solu- 
tions are not to be considered fixatives, since they produce only 
swelling. The salts of the light metals are not included among fixa- 
tives; they usually form reversible gels; but, on the contrary, certain 
heavy metals as well as acids, especially the acid mixtures, are of 
great importance. Many have an oxidizing action, as a result of 
which the organic substances lose their ability to swell.^ 

Acids are obviously employed with the object of changing sols 
into gels, and since a chemical change must simultaneously occur, it 
follows that all acids are not available for this purpose and that they 
must always be employed in high concentration. Hydrochloric acid 
and sulphuric acid (the latter, at least, never unmixed) are not em- 
ployed as fixatives, but we do frequently employ nitric acid in 2 to 
10 per cent concentration. Its use is not general since it frequently 
alters the stains. For organs with epidermal coverings, nitric acid 
is unsuitable since it raises the epithelium in blisters from the tissues 
supporting it. 

Chromic acid (introduced by Hannover in 1840) is the oldest and 
most used fixative and hardening agent for cell protoplasm and nucleus. 
It is used in concentrations of from 0.33 per cent up to 1 per cent. 
It is employed preferably in the dark, since daylight causes a sort of 
tanning of the periphery so that the chromic acid penetrates very 
slowly and amorphous deposits form very easily in the preparation. 

Objects fixed in chromic acid or its salts become green in time 
(reduction to chromic oxid) and are poorly stained. Many methods 
for regenerating the staining capacity of such specimens have been 
proposed (L. Edinger and Mayer, B. Grawitz). 

Osmic acid (0.5 to 2 per cent) is especially recommended for the 
fixation of protoplasm and nucleus. It is soluble in fat and conse- 
quently can penetrate the living cell. It does not penetrate far, 
however, and on this account is available only for small or thin 
objects. With the fixation there is a blackening, especially of the 
fats and some other substances (reduction to colloidal osmium). 
Opinions on the use of osmic acid are very divergent. Though 
praised by some, A. Fischer, as the result of his studies of non- 
biological material, considers it a weak, unsatisfactory precipitat- 
ing agent, since it precipitates only acid reacting structures. 

1 To fix tissue practically, the exact directions as they are found in the books 
must be followed; they are employed just as a cooking recipe would be. Only a 
few generahzations can be given here. 
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Acetic acid alone (in concentration up to 1 per cent) causes swelling, 
but is suitable for combination with reagents which cause shrinking, 
especially for the fixation of nuclear structures. 

Trichloracetic acid (5 per cent to 10 per cent) penetrates 
rapidly, destroys the most dehcate structural relations of pro- 
toplasm and nucleus but fixes well centrosomes, chromosomes and 
spindles. Since fibrillar connective tissue swells strongly in tri- 
chloracetic acid, the preparation must be placed at once in absolute 
alcohol. 

Picric acid does not change all sols and reversible gels into irre- 
versible gels. This follows from the results of A. Fischer who 
showed that precipitations with picric acid are dissolved again by 
water; and this is confirmed by the experience of histologists with 
actual specimens. Only when combined with other acids (acetic 
acid, chromic acid, sulphuric acid, nitric acid and osmic acid) does 
picric acid attain its importance as a fixative, and under these cir- 
cumstances it is highly praised. 

Since picric acid is lipoid soluble and forms insoluble dye salts 
with dye bases it is suitable for fixing specimens after vital stain- 
ing.'' 

Salts. Among these, the chlorids next to the chromates enjoy 
especial popularity. 1 attribute this to their ease of diffusion and to 
the fact that in respect to swelling and shrinking, the chlorin ion 
occupies approximately a middle position. 

Copper chlorid and copper acetate are suitable for delicate lower 
plants but are very seldom employed. 

Mercuric chlorid in concentrated aqueous solution is very suitable 
for the fixation of animal preparations. I have had very good re- 
sults in fixing leucocytes. It may not be employed for any molluscs 
or for fresh water crustaceans; it also seems not quite suitable for 
plant cells. As a result of a certain amount of lipoid solubility it is 
able to penetrate the living cells and on this account in vital stain- 
ing it serves to fiiX the dye. Obviously, part of the mercuric chlorid 
is in this case bound by the protoplasmic albumin; the resulting 
combination is somewhat insoluble in water. 

Feme chlorid in alcoholic solution is recommended for pelagic 
marine animals. 

Platinum chlorid (0.1 to 1 per cent), palladious chlorid (0.1 per 
cent) and iridium chlorid are recommended for special purposes (usu- 
ally in mixtures). 

Potassium bichromate is rarely used as a pure solution, since it 
markedly changes the structure, but used in combination with other 
substances it is a very popular fixative (with acetic acid for cell sub- 
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aiul nuclear Htru(‘ture; with Hodimu Hiilphate for the central 
lua’vouH nysteiu; witli copper Hulphate for bulky ol)jccts; with 
Huhlimaie, etc,). 

Nonelectrolytes. 

Alcohol. Although diluted ah^ohol (anises shrinking, by em- 
ploying absolute* al(U)hol (not uud(*r 99.5 pcT ccuit) wc* obtain in the 
(*asf‘ of coinpa(vt structun^s (sph^eu, ki(lu(*ys, dig(\stive glands, etc.) a 
fixation without shrinking. 'Pht^ (‘xplanation of this is found in the, 
double* ludtou of al{H>hol, both pna^i pita ting and cluarPuail. ’'Fhe 
latti*r whi(‘h (*fTcH‘-ts tin* transformation of sols and nwcu'sible geds 
int4i irnwi^mibk* g(*Ls napiirt^s a (U‘rtain tinn* and indcu'd more time 
thi^ more dilub* thi* ahuihol is, so that W(* must (aidcmvor to hurry 
tin* cht‘micail action as miudi as possible by (‘mploying c.oiuunitrattid 
alcohol lla* doublt* action of akohol may bt* (‘asily (h^monstrabul: 
If a solution of all)umiu is pounsl into aleoliol amod(‘rat(^ amount of 
prendpitab* is fonned which dissolve's again upon diluting with wabT; 
tlu* loug(*r tin* tinn* that edapses btdort* diluting, tht^ U‘ss is dissolved 
and th(‘ furilier has tin* clu'mical coagulation proc(*ss advanced. 
Hesid(*s (‘thyl alesdiol, nndhyl alcohol may In* (*mployt'd. 

Nmmtldrhiid (Formol or Formalin). Tin* 40 p(‘r (n*nt formol solu- 
tion in tin* shops is usually dilub*d 10 timc*s with wab*r; it wci 
sp(‘ak (jf 10 |H‘r (*ent fenmnd solution wc mean that it (H)utaius 4 
p(*r of formald(‘hy(l Huch a solution is pr(*f(*rabl(* for uniform 
fixation and pn*Ht*rvatiou of (xmipa(*t organs (hv(‘r, brains); it is 
h*Hs d(*sirablt* for ct*ll and nucU*ar structun's. A 4 |)(‘r (u‘ut formaldc- 
hyd solutiem is tin* In'st pr(*H(‘rvativ(‘ for scdu'ntists on collc*(dring c^x- 
|H*(litions, (*V(*n though it is not w(dl adapbul for fixation. After 
formol fixation tin* staining is ofb*n not all that (‘,ould be* desir(*d. 
Tin* |)riddntnt*nt prop(*rti(‘s t>f formol d(‘p(*nd on tln^ fact that it is 
cdieinically v<*ry active*, ('itsily difTusibU* and liardly at all adsorbed 
by (jrgani<^ Hulmtances. 'fin* chtmiml pro(’(*HK of tanning wlfndi is 
very sittiilar to fixing, is imndi It'ss comprn’ab*d with formol than 
with Umniu lunl pijrogatlie add, with which an adsorption i)r(‘c,(Hl(^s 
tin* cheiiiic*al change. Tln*H(^ two HubHtaiu^(‘s an* hardly (W(‘r (*m- 
ploytal alone; at tiiin*H ili(*y follow fixation witli osmium. 

Wt* have now nwiewcxl tin* most important Hubsiancx*s used as 
fixative's. In |>raetic*al histology almost all of tln*m an* med in 
mixtures. We empitiy (*,hromic a(dd + a(u*ti(^ atdnl, potassium bi- 
(‘liromate + sublimab* + glaeial atH*ti(*, acid, niiFu*, acfnl + potassium 
Idcltnaniib:*, osmic acid + potassium bicdiromatt*, t*diromi<‘, a(dd ~|- 
pi(*rn* ac*id T nitric acid, alcohol + glacial a(U*ti(*, ac*id, (‘t(% I)in‘(> 

tbns for fixing tissues arc legion, Imt they arc ^b;ooking n^cipes'^ 
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without any thought whatsoever of the chemistry involved. For a 
truly scientific 'theory of fixation^’ it would be necessary first to con- 
sider the condition of the solutions involved, so that even the funda- 
mental facts would have to be experimentally determined, and then 
only would we be in a position to determine their action on colloids. 
At present we lack almost the very essentials for the development 
of a rational method from this wilderness of directions. 

Hardening. 

Hardening follows fixation. For this purpose alcohol is almost ex- 
clusively used; it is gradually concentrated, beginning with 50 per 
cent alcohol and then increasing the strength 10 per cent until 96 
per cent alcohol is reached. A preliminary washing out of the 
fixative is required, only if it forms precipitates with alcohol. 

In order to make thin sections with the microtome or razor it is 
usually necessary to embed the preparation; in structures contain- 
ing lime, siliceous or chitinous deposits, these must be removed first 
by employing suitable acids. Finally, the sections must be mounted. 
We shall not discuss these manipulations at greater length, since 
they are purely technical. 

From our viewpoint, however, a very important procedure is 

Staining. 

Unstained specimens are usually so uniformly transparent that it 
is diflacult or almost impossible to distinguihs their intimate struc- 
ture. In order easily to recognize the individual structures, histol- 
ogists make use of stains. As has been said, they are chiefly 
concerned with a morphological classification; to see cells, it usually 
sufiSices to stain the nuclei; cell division, spermatogenesis and secre- 
tion require specific stains. It is remarkable that but few, especially 
P. Ehrlich, P. G. Unna among others, have considered what con- 
clusions concerning the chemical nature of the stained substance may 
be derived from staining. We are unacquainted writh any conclusions 
concerning the physical nature (density) of tissues. The elaboration 
of these investigations would be of great importance, since staining 
pictures for us the action of drugs, toxins and disinfectants. 

The Theory of Staining. 

Though supporters of the chemical and of the physical theories of 
dyeing were until recently actively disputing, there are mutual con- 
cessions at present. __We have recognized that dyeing does not occur 
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in response to a fundamental law but that various complicating 
factors enter, great variations being possible by reason of the variety 
of dyes and fabrics. 

Otto N. Witt proposed the theory that the dye occurred in the 
fiber in solid solution. This assumption can only apply to the initial 
stages as G. v. Georgievics showed, in experiments on the absorption 
of acids by wool. The further absorption of dyes, in general, corre- 
sponds to an adsorption. This is the result of quantitative studies 
of the distribution of dyes between fiber and liquor (the technical 
name for the dye solution). 

We owe this knowledge to the researches of J. R. Appleyard and 
J. Walker, W. Biltz, H. Freundlich and G. Losev, G. v, Geor- 
gievics and L. Pelet- Jouvet; these experiments show, moreover, 
that there is no essential difference between the adsorption of formic 
acid by blood charcoal and of indigo-carmine by silk. What ap- 
plies to textile fibers we may apply as well to animal and plant 
tissues. 

In technical dyeing which has formed the chief basis of theoreti- 
cal studies, the addition of electrolytes (NaCl, Na 2 S 04 , etc.) are im- 
portant factors which modify the state of swelling of the fabric and 
markedly influence the tendency of the more or less colloidal dye to 
precipitate; in biological staining electrolytes are not used to such 
an extent, but they always enter as factors. 

The course of the adsorption curve requires that proportionately 
much more dye shall be removed from a very dilute solution than 
from one that is more concentrated, an observation which impresses 
every one who investigates dyes. 

It must be assumed if adsorption phenomena are involved, that 
the entire dye may be removed by sufficiently prolonged washing, 
i.e., that the process is reversible; this, as is well known, is contrary 
to the facts. The adherents of the adsorption theory maintain that 
traces of the strongly adsorbed dyes which can no longer be recog- 
nized in the dye bath or wash water are in adsorption balance with 
the dye taken up by the fiber. 

In most cases of true dyeing, fixation may be brought about by 
secondary intercurrent chemical processes between fiber and dye. 
This firm union between fiber and dye is what the adherents of the 
chemical theory of dyeing (M. Heidenhain, E. Knecht, W. Suida 
and his pupils) chiefly advance in support of their theory. They say, 
in general, that the textile fiber is a complex organic substance which 
undergoes a double decomposition with a dye salt, just the same as 
any other salt; the result of this double decomposition is on the one 
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Via.nrl an insoluble compound (textile fiber-dye) and on the other a 
soluble compound which passes into the bath, e.g., 

wool + rosanilin hydrochlorid = wool rosanilin base + ammonium cblorid. 

The adherents of the adsorption theory insist that the dye salts 
are frequently strongly hydrolyzed in solution, so that there is, 
accordingly, only an adsorption of the color base or color acid, but on 
this account no chemical double decomposition is required in the 
staining, inasmuch as fibers, as well as dye, are often colloids of 
opposite charge which mutually precipitate each other. In favor of 
this view is the fact that a dye solution stains the better, the more 
colloidal it is. The numerous minute additions employed in micro- 
scopical stains (methylene blue with a trace of alkali, gentian violet 
with anilin water, etc.) are usually added for the purpose of making 
from a true solution one less dispersed. P. G. Unna, who first 
recognized this, applied the characteristic term “incipient precipita- 
tion” to the condition of a staining fluid most suitable for staining. 
Finally, we shall indicate another point made by adherents of the 
adsorption theory; that in those cases in which hydrolytic cleavage 
is not demonstrable, we frequently observe, — not only in the case of 
textile fibers but also in adsorption by charcoal and silicates, — that 
with the taking up of the dye, a cleavage of the dye salt occurs 
(demonstrated for crystal violet, fuchsin, etc.), whereby the cation 
(dye base) goes to the adsorbent and the anion goes into the solution. 
(This is chiefly true of basic dyes.) 

Such phenomena were first demonstrated by J. M. van Bemmelen 
in the adsorption of potassium sulphate by hydrated manganese 
dioxid; free sulphuric acid is found in the solution while KOH is 
adsorbed. Masius"* has shown in the case of the very strongly 
hydrolyzed anilin salts, that more anilin than acid is adsorbed by 
charcoal. 

To explain these cleavage processes, especially in dyeing, it must be 
assumed that the easily adsorbable dye ion displaces a cation K, Na 
or the like, which is already present and adsorbed, though possessing 
little capacity for adsorption. 

The weak point in the argument for the chemical theory resides 
in the fact that we do not know the real constitution of the adsorbent, 
that is, the fiber (silk, wool, cotton, etc.,), so that we do not know what 
chemical groups are involved in a dye combination. H. Bechhold 
accordingly strove to solve this question by using as adsorbent a 
group of substances whose composition is accurately known, namely, 
naphthalin C10H7OH, naphthylamin C10H7 (NH2) and amidonaph- 
thol C10H6OHNH2. The result of this experiment is reproduced on 
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page 30 and shows that acid groups in tlie adsorbent fix color bases 
('specially; that, basic*, groups fix acid e-olors; and that the amphoteric 
amidonaphthol stains very well with l)oth acid and with basic dyes. 

In tlu' inattc'r of (H'II staining not only is tlie chemical nature 
of the (sell eonstitiK'uts and of the dye involved, but the physical 
prerequidtes for the penetration of (he dye must l)e supplied. 

In the dyes wo have* a group of substanc(‘.s, most of them chemically 
W(‘ll dc'fmc'd, which ('xhibit all transitions from true crystalloid {e,g., 
methylene l)lue) to tlie highly colloidal hydrosols {e.g., benzoazurin). 
Thc're is, alrc'ady, an c^xtcnisive litoature in rc'fc^rence to the colloidal 
propc'rtic's of dyc's whic'h has bc^en (‘.ollec'.ted in the work of L. Pelet- 
JOLIVET.* 

The ('xpc'rinu'nts of R.. Hober and S. Ciiassin * showed that, in 
gc'neral, tht‘ mon' (x)lloidal a dye is, tin* more difficult is its absorp- 
tion by tlu' kidiu'y (‘pitlu'lium of frogs. Somc^ ('xeeptions are prob- 
al)ly assoc/iated with specifu^ (*.lu‘mi(‘.al properties. 

Th(‘ id('a that tlie staining of a living plant tissue depends on the 
disiiersion of the dye was dewedoped into a comiireliensive theory liy 
RunLANi) in his “ultrafiltcr tlmory’' whieh points to a satisfac^tory 
(‘xplanation of the staining pnxu'ssc's in organi/xxl tissue's.^ 

An important ('h'lnc'ut in staining (uiiiadty seenns to me to have 
bcH'U disr(*gard(‘d liitlu'rto; it is th(^ cpK'stion of the density of the suh- 
stance to be stained in its n'lation to th(^ dilTusibility of the dye. It 
is (piiti^ eh'ar that an c'asily dilTusibh' dye will pezudrate ewerywhere, 
and that, a dyt* possc'ssing no dilTusibility will always rcanaiu on the 
external surface* of the* tissue*. If we* are*, dcuiling with substance's of 
medium de'usity, it will de'pend upon the de'iisity of the tissues 
wh(‘th(*r it will pe'iu'trate' at all, and to what (‘xtent. If we^ know 
our dye's from this |K)int of vie'W we^ will lie in a position to draw 
(umclusions fixim tlunr penetration as to the struedaire' of the tissue 
('xamine'd. Sonu* ('xperiments pe'rforme'd with this emd in view will 
('xplain wliat is nu'aut." In solving the* iirevious (question I em- 
ploye'd papc'r strips wliiedi were soake'd in glaenal aetc'tiei acid collodion 
of differe'nt eoncH'ntrations (8 per ex'ut, 4.5 per cent, 1.5 per cent 

‘ I am glad to It'ani that J, Thaviik and K. Kehmeu, <)l)vu)UHly without know- 
ing rny views (w'e Ist (»dition of Huh hook, 1912, j). 49), in a rcrent publiesaiion, 
1915, likeaviw^ point out the* Hignifkauee^ <»f variability of the* dispersing ged 
hy addenl Hulwtauee‘H," inasmueh as dye^s z)roducing swehing inererse^ pen'merbility 
and elyt*H etausing shrinking diminish it . I do not (‘.onsiden* satisfnedorily (^stablisluHl 
the* prejof of swelling and the^ slirinking i)roi>(*rt,i(‘s on irrmiTHible gvh and the*, con- 
(thwion drawn frenu t!ie*m since* the* (‘xpe‘nnu*ntH of the*, author depemd oidy on 
rcve‘rHible* gelatin ge*L 

® Thc*«e irive'stigations Iiave^ not be‘(*n publisheul before. 

^ A solution of (tollodion in glacial ac(*tie. acid. 
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and 0), gelatinized and then placed in running water until every 
trace of acid was removed. These strips were then placed in 0.5 
per cent dye solutions for 10 minutes and then washed in running 
water until the wash water was almost entirely colorless. The re- 
sults are shown in the table on page 429. 

It follows from these experiments that the staining is more intense, 
the denser the stained substance, in the case of easily diffusible 
dyes, as aurantia, methylene blue and crystal violet. Conversely, 
in those difficultly diffusible, as chrome violet and benzopurpurin, the 
intensity of the staining diminishes with the density. Obviously, the 
particles of the dye are largely colloidally distributed and too large 
to penetrate the pores of the filter. In between there are substances 
of medium particle size in which the staining of the different samples 
does not vary much one way or the other, as, in the case of 
alizarin, janus red, bismarck brown, etc. An important factor in 
these experiments is the time element, as may be seen in the first 
column (8 per cent). The slower a dye diffuses the longer the time 
that must elapse for it to penetrate a dense tissue and the slower the 
color constituents that are not firmly bound by the fibers will diffuse 
away. 

In this connection experiments of E. Knoevenagel * and of 0. 
Eberstadt * are of interest; they tested samples of acetyl cellulose 
swollen to various degrees, for their capacity to take up methylene- 
blue solution of 0.05 per cent. They found that the speed of ad- 
sorption was approximately proportionate to the swelling, so that 
dyes which penetrated greatly swollen acetyl cellulose in a few min- 
utes required months in the case of acetyl cellulose that was not 
swollen. 

Elsewhere we have discussed whether there are not other factors 
involved besides the speed of diffusion and the size of the particles. 

The methods of analysis proposed by me, which have not as yet 
been applied to organized tissues, promise fewer results in micro- 
scopic preparations and microtome sections since the surfaces to be 
penetrated are so thin that sufficient differences are not noticeable. 
However, we might expect new information in the case of coarse 
pieces of tissue which are to be examined after they are sectioned. 

In what precedes, the discussion of the dyeing process has been 
studied only from the standpoint of the chemist and the physico- 
chemist. Somewhat independently of it and with other means the 
same discussion will be carried into biology. 

The dye chemist deals with the coloring of a few fibers of almost 
constantly the same constitution, with silk and wool, which dye 
easily with most dyes, and with cotton and related fibers which are 
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as mtjniirr ttijtimj, n frriii intriiduri'd intri indyitrial dvriiti,?^^ fi'rli* 
nulugy hy *L In luHl**|.nral 'staining tip* idiiri iiiiird»iiil.»4 

an* alum anti fnTir valt-H, Hir rfsinlanainni nf inmvIantM with 
dytH ihrmtiinxyliii. hrmatiii mid alnn'irm arr rallrd 

W, Btl/r/, fms drfiiiil«”lv pritvs'd tliaf m additinn 1*1 inh«»r|i'* 

tkau t’hniiiriil rntiihiiiiiliiuiH imnir in utln'ri-rr dtirnni 

Ilisidkigirnlly, stuining with dt/r i-j ninrli rni|i|«ivi'd., Ih 

KiiHiiU*if fmiiid thiit if ii*|urian« »+nhiini»ir-5 »if mi 'ir'nl 4i'*% rj/,. a*ad 
furlisili <ir iiningr ft, Wrrr mixrd wslh II Irisir niir, rtf, liirflivlriir 
lilui* or iitHliyliiir grmi. Unit «irir tr-mmtird m r%rr'*r^ thru tm 
prnnpitiitr wits fnriiird, Fniiii rnllnida! nitlntimrt nf dn* iiiivtiirr »4 
enrtiiiii timir t*iniiriit.*^ mnmr thr^ hmur and nilirf*. thr- arid 4v*\ 
It is thus {MiHsililr tn nhtmn %%%lh •'»«*hitinn dmihlr Mtaiin, nr rvrii 
triplr staiiit^ llriariit n i:8rr ?il*<ivr •> 

Ammliitg tn thr nf * t. t and II fl fit 

iwid litid liiisir dyr?* priTipitiitr itnrU r»,fii|ilr'f,r|v if fhr\ 4i> iiiiv^d 
ill ri|iiimiiliTiiliir pmimrtmm. \u .4 «uir dv** mfi-iihir-) wni, 

pnaipitntitiiu a#'.* it a.^ 11 |irMlrrlivr rnllMid and. m In*’ ish 

tiTfmillT lirr WadrT, thr tlinfr r»»l|uldlll llir dvr L ,|fi rL|||%/ 

imptiriiiiit fur tlw^ tiidiilnicM tn Ifp^ fart that hii^jilv .'Mllmdal 4 v- 
iiiktiirus iin* kiiiiiif iiinrr firmly tngrilp-r ilnin flunr i li.i! an 
sulbidiiL 

\Vt* miist i*ciiisidt*r vrry rritirfilly,. iiii»*r».ti‘l'ir|iiiriil rriii4i*iii‘4 iiiifi 
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stains which arise from the interaction of two chemical substances 
with thti fonnation of an insoluble precipitates 11. Liksecung*'® 
ha-s calknl attention to tlu^ pluaioinena involved in his investigations 
of Oolyi's utain. If a pie'cee of brain is placeel in potassium bichro- 
mate, and afte'r it is coiuph'te'ly soake-el through, it is then immesrsed 
in silve^r nitrate', some of the^ ganglion cells in which silver chromate 
has beicn pre'cipitate'el are stained reeddish brown. 

The' inte'rior of the' brain substeineu^ is newer thoroughly stained, 
notwithstanding the^ fact that poteissium bichromate is present after 
the first proe-e'ss anel silve'r nitratee afte'r the silver bath. The reason 
is as follows: whe'n the; chromatize'd portion of brain is plaeseel in the 
silver nitrate' solution, silve'r chromates forms in tlui outer layers; 
the; potassium bie-hromate; i)re^seut in the' inte'rior eliffuseis outwarel 
where it is arre'ste'el by the' silver so tluit the' interior is more and more 
depltdeid of clironvate. The irre'.gulari lie's in the (}e)Uii staining de- 
penel upon similar intesrfeueuu^e^s with dilTusion and mie^leius actions of 
silver e-hronuitt', on ae;etount of whieeh only a portion of the; ganglion 
cells are! staiiU'd. After staining j)e!riphe'r!d ne^rve's with (loncu’s 
stain we', obtain stnitifie'!itie)ns in the! axis cylinders (Fiiomann’b 
lines). These leave bee:n shown to be artifacts. 

The Technic of Staining. 

We distinguish Htaining eti mxme, m:tton, titaining and vital staining. 

In staining en masse, the' entire! olejeieit is imineirsexl in the stain 
solution subseeiue'nt to harele'uiug. If this is se)luble! in aleiohol, it 
reKiuires no spe'e-ial j)re'caut.ie)ns; it is othe!rwise' with sejlutions e',on- 
taiuing alum, in whie:h ceise! ah'ohe)! in the obje!ot must first be ro- 
plae!e‘d by wate'r. 

Afte'r staining, the* elye! is w{ishe!el eiway with water or alcohol until 
the; fluid re!mains ce)lorl('as. Afte'r staining in aepueous solution the 
pie!ce meist be! reeharek'ne'el in }ile',e)he)l. The! suljseeiuent treatment is 
the'u the' same' eis in unstaineeel pie'e-e's. 

Section staining is mue-h nie)re' fre'epu'ntly eunploye'el, sineie not e»nly 
de'tails are' hre)ught e)ut lee'tte'r, but the! staining eian be watched more 
cle)se!ly anel hifer e'e)unte'r-stains may be' aeleleeel inteirmitteently. Ac- 
coreling to the! elilutie)n e)f the' stain solutie)n anel the! hiiigth of time! the 
se'ctiejn is staine'el, wo may eebtain on the' one! hanel e!e)ivtrasting, or on 
tlu! eetlu'r finc'ly shtule!el picture's with mue-h me)re! ekitail. 

Vital staining, the! staining e)f living ti.ssue!s, wjis introeluccd by P. 
Eiiimie'n anel wine apjjlie'el by this inve'stigate)r in his e;hussie!al work 
on “The Oxyge'u Re'Ciuire'ineents e>f the! Orgeuusin” to the! proce!SRe!H e)f 
living exills. At prejse'iit it has the' e!e'nt(T of inte!re!st, and from it we 
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may expect most valuable discoveries on the physiology and pathology 
of living tissue as well as concerning the mechanism of the action of 
drugs. E. Goldmann, R. Hober and W. Schuleman have in recent 
years contributed much concerning the utilization and theory of vital 
staining. They studied healthy and sick animals, whereas Kuster 
and Rxjhland appHed vital staining to plants. As yet vital stain- 
ing of bacteria and other microorganisms has not been definitely 
attained (Eisenberg) . The stain must not be poisonous or the cell 
will die before it has the desired color.^ We have numerous dyes at 
present which fulfill this condition. A few of the most useful are 
mentioned, methylene blue, neutral red, toluidin blue, trypan blue, 
trypan red and isamin blue. The studies of Rxihlani) on plants, as 
well as those of Evans, Schuleman and Wilborn on animals, indicate 
strongly that the extent of dispersion of the dye chiefly determines 
its suitabihty for vital staining, so that the cell behaves like an utra- 
filter (see p. 428). A dye that is too diffusible distributes itself too 
readily in all the organs and is accordingly quickly excreted by them; 
one that is highly colloidal remains at the site of injection. The 
studies of Ruhland include both basic and acid dyes while the 
experiments of Evans, Shulemann and Wilborn were only with 
acid dyes. 

It was formerly believed that only lipoid soluble dyes penetrated 
living tissues, but this view has not been sustained (see also Garmus). 
Many vital stains are known which are insoluble in fats. The col- 
loidal metals are included among these; they have proven useful 
agents in studying '^distribution^' in J. Voigt's method of investiga- 
tion. This does not by any means imply that lipoid insoluble vital 
stains may not be especially suitable for some of the organs which are 
rich in lipoids. Thus, for instance, axis cylinder and ganglion cells 
of the nerve substance are most intensely stained by methylene blue. 
It is remarkable that the cell nucleus which stains most intensely 
with basic dyes when the object is dead, with vital staining is con- 
stantly colorless; nuclear staining occurs only when the cell dies. 

If vital stains are to be fixed, Le,, made insoluble, ammonium 
molybdate, sublimate, picric acid, etc., are employed. 

If this fixation is omitted, the dye diffuses away after death, i,e., 
according to the changed condition of the tissue, physical and 
chemical, and a different distribution results* 

^ The lack of toxicity of vital stains is only relative; in concentrated solution 
they are all poisons and may be used only in extreme dilutions. Safranin and 
methyl violet, especially, are quite poisonous, and on this account they cannot 
be employed for injections into the higher animals. 
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THE TISSUE ELEMENTS IN THEIR RELATION TO FIXATIVES 

AND DYES. ^ j 

With iodin-potassium iodid solution, starch grains give a blue 
adsorption compound (see p. 135). 

Glycogen forms with it a red adsorption compound. The stain 
with strongly alkaline potassium carmine recently recommended by 
Best is so complicated that it cannot yet be interpreted. 

The Lipoids. 

The fixation and staining of lipoids can hardly be regarded as 
other than a colloid-chemical question. Fixation is generally ac- 
complished with osmic acid by means of which the fat is simultane- 
ously blackened and the acid is reduced to colloidal metallic osmium; 
similarly, gold, silver and palladium salts are reduced to the colloidal 
metal. Of the true dyes, we must especially consider those which are 
very soluble in fat, though quite indifferent chemically, and which 
are very slightly adsorbed by the other constituents of the cell. 
Among these are Scarlet R (fettponceau) and Sudan III. Both are 
amphoteric dyes in which the basic as well as the acid character is so 
indefinite that they seem quite indifferent and do not form salts with 
aqueous caustic soda. Employed in alcoholic solution, staining 
results. 

Protoplasm. 

We may attribute to protoplasm chemical properties similar to 
those of the albumins. Protoplasm may be amphoteric, on which 
account neither acid nor basic properties become more prominent. 
Consequently, protoplasm stains only faintly with either basic or 
acid dyes, even though its water content is relatively high. 

Nucleus. 

The chief constituents of the cell nucleus are the nucleoproteins- 
These are strongly acid in character; to them may be attributed the 
intense staining of the nucleus with basic dyes, and to them the in- 
tensely staining constituent of the nucleus is indebted for the name 
chromatin or chromatic substance among histologists. The union with 
the color base becomes firmer with the lapse of time, since in the 
beginning it is possible to effect almost complete decolorization with 
alcohol, whereas when the dye acts for a longer period the nuclei 
retain their intense staining and only clouds of color leave. For 
nuclear staining any basic dye may be employed; safranin, fuchsin, 
methyl violet, methyl green and bismarck brown are recommended 
most highly. 
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Another favorite nuclear staining method is with the mordant dyes, 
e.g.j hematoxylin or carmine. In this instance, also, the acid char- 
acter of the nuclear proteins explains the action of the dyes. The 
nuclear proteins adsorb the mordants, usually colloidal aluminium 
hydroxid (from alum), and these form an insoluble compound with 
the acid hematoxylin or one of its oxidation compounds, or with 
acid carmine. 

Finally, we may mention the double staining of Romanowsky, 
which has been modified by G. Giemsa. Its underlying principle 
is that a basic blue dye (methylene azur or methylene blue) is mixed 
with an acid dye eosin (see p. 426). At first the preparation stains 
blue in the mixture; gradually there occurs a differentiation into 
blue and red elements or combination violet shades whereby the 
nuclei become red. For the present, all interpretations of this phe- 
nomenon are quite hypothetical; it presents a very interesting colloid- 
chemical problem. If methylene azur and eosin are mixed, a colloidal 
solution of eosin-acid-methylene azur forms, provided that one of the 
two dyes is present in excess. Nuclear staining may occur in such 
a way that the basic methylene azur serves as mordant for the eosin; 
it is also possible that the nuclei stain better with colloidal eosin- 
acid-methylene azur than with crystalloidal methylene azur, and that in 
a reaction which requires time (possibly hydrolytic cleavage) the red 
color base of methylene azur becomes free. In this double staining 
there enter as factors phenomena involving the colloidal condition 
of both dye and specimen with respect to the diffusibility of the dye 
and perhaps also other circumstances which have not been consid- 
ered here. This may be assumed both from the accurate directions 
which are given for the preparation and age of the solution, the 
thickness of the preparation, the duration of staining, etc., and 
from the fact that every departure from the directions gives a dif- 
ferent result. 

Connective Tissue, Capillary Walls, Membranes, Etc. 

From the numerous reports I gather that only easily diffusible 
stains, especially the sulphoacids (acid fuchsin, soluble blue com- 
bined with picric acid), are suitable for this purpose. This probably 
depends upon the fact that connective tissue, etc., are among the 
tissues poorest in water and least swollen, so that dyes of more col- 
loidal character are unable to penetrate them. 

For the staining of elastic fibers, which is best performed by the 
orcein method of P. G. Unna and Taenzer or by Weigert's method, 
we have no explanation whatever. The recent investigations of the 
keratins by L. Golodetz and P. G. Unna show that we are dealing 
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with a number of chemically very different substances (ovokeratin, 
neurokeratin, elastin). [Van Gieson^s stain contains picric acid and 
stains elastin specifically. Tr.] 

The Staining of Bacteria. 

Most cocci and bacteria have a definite acid character evidenced 
by the fact that they migrate to the anode in the electrical current 
(see p. 205). 

Though they usually'stain intensely with basic dyes (fuchsin, meth- 
ylene blue, thionin, etc.), nevertheless bacteria exhibit considerable 
differences in staining capacity. Though all cocci with which I am 
acquainted stain very intensely, some bacteria, e.g., paratyphoid and 
bacilli of hog erysipelas, are stained more faintly. Spores stain with 
especial difficulty, the more poorly the older they are; it is obvious 
that the solid capsule offers great resistance to the penetration of 
the stain. The tubercle bacillus is most difficult to stain, which may 
be attributed chiefly to its high keratin content, inasmuch as other 
keratin-containing substances (bristles, hair, epidermis, etc.) stain 
just as poorly. The difficulty in staining the tubercle bacillus was 
formerly attributed to the wax contained. Helbig, however, 
showed that complete removal of the wax did not increase the stain- 
ing capacity. 

Gramms stain is quite unique; it is extensively employed for the 
classification of bacteria (we distinguish Gram-positive and Gram- 
negative). It is performed as follows: we first stain with methyl 
violet or some related basic dye and then subject the specimen to the 
action of iodin (dissolved in KI). After this treatment, some bac- 
teria readily give up the dye to alcohol and are decolorized, whereas 
others firmly retain it. In the latter case, a firm combination has 
been formed. A thorough study from modern points of view would 
be of great value, since it would explain the difference in the nature 
of the two groups of bacteria. It is important to mention that, by 
Gram's method, a differentiation of the structure of individual bac- 
teria may be revealed. The so-called Babe's corpuscles are not de- 
colorized by a brief action of alcohol. Upon this fact depends M. 
Neisser's method for identifying diphtheria bacilli. 

We have as yet little insight into the actual basis of differentiation 
by Gram’s stain. It has actually only been established that Gram 
positive bacteria show a greater permeability for dies, stain more 
quickly and intensely and retain the dye more strongly upon de- 
colorization with alcohol. Probably the only purpose of the treat- 
ment with iodin is to increase the size of the dye molecule or increase 
its fixation by the bacillus (Eisbnberg). 






AUTHORS’ INDEX 


refers to footnote in text 
* refers to reference given 


Abbe, 124, 127 

Abderhalden, E., 32, 34, 72*2, 92 , 187, 
210, 210^^ 220% 321 

1 ) Lehrbuch d. physiol. Chemie (Ber- 
lin, 1906) 

2 ) Zeitschr. f . physiol. Chemie 37, 484 
(1903) 

and Guggenheim, M., 34*, 189* 
Zeitschr, f. physiol. Chemie 64 (1908) 
and Pettibone, 185* 
and Strauch, F. W., 187 
Zeitschr. f. physiol. Chemie 71, 315- 
318 (1911) 

Abramow, S., 206 
Achard and Weill, E., 371 
Adam, P., 311 
Adie, 57* 

Journ. Chem. Soc. 344 (1891) 

Adler, H. M., 363 
Journ. of Am, Assoc. 2 , 752 (1908) 
and Herzog, B., 27* 
and Ringer, 379 

Aggazzotti, a. and Foa, C., 374*, 384* 
Albarran, 340 
Albrecht, E,, 305* 

Verb. d. D. pathol. Ges. 6 , 2 (1903) 
Albu, a. and Neuberg, C., 218*, 
219* 233* 

Physiol, u. Pathol, d. Mineralstoff- 
wechsels (Berlin, 1906) 
Alexander, Jerome, 42-^”, 71, 174, 188, 
195 -^^ 

and BuUowa, J. G. M., 174, 349* 
Archives of Pediatrics (N. Y., Jan., 
1910) 

(and Zsigmondy), 247 
Altmann and Sachs, H., 206, 208 
Amann, J., 343* 

Bull. Soc. Vaudoise, 38, 131 
Ambard, 336 
Amberger, C., 11 , 366 


Ambronn, H., 259* 

KolL Zeitschr. 6 , 222-225 (1910) 
Ames and Bauer, J., 231, 252 
Anderson, 10 

Ariens and Kappers, C. U., 261* 
Folia Neuro-Biologica 1, No. 244 
(1908) 

Araki, F. and Zillessen, H., 226 
Arrhenius, Sv., 26*, 53, 56*, 105*, 
196, 197, 200*, 213, 386 
Immunochemie (Leipzig, 1907) 
and Herzog, R. 0., 47 
Arric, Le Fevre de, 371, 372 
Ascherson, 35*, 347, 347* 

Arch. f. Anatom, u. Physiol. 63 
(1840) 

Ascoli, M., 109, 211, 371*1, 372 * 

KoU. Zeitschr. 6 , 186 (1909); 6 , 293- 
298 (1910) 

and Izar, G., 211 , 365*, 366, 371, 
373*, 377*, 383^^ 

1 ) Berliner Klin. Wochenschr. 4 and 
21 (1907) 

2 ) Biochem. Zeitschr. 6 , 394; 6 , 192; 
7, 143; 10, 356; 14, 491; 17, 361 
(1907-1909) 

3) Boll, della Soc. Med. Chir. di 
Pavia 36 (1908) 

Comptes rend, de la Soc. de 
Biologie 66 , 59 and 426 
Asher, L., 324* 

Biochem. Zeitschr. 14 (1908) 

Auer, 413 

Amer. Journ. of Physiol. 17 (1906) 
and Journ. of Biol. Chem. 4 (1908) 
Auerbach and Pick, 330 

Babcock, S. M. and Russel, H. L., 
175* 

Ber. Landw. Ver. Stat. d. Univ. 
Wisconsin (Ver. St. v. N. A.) 20 


437 



438 


AUTHORS^ INDEX 


Babe, 435 
Bachman, 9*, 10 

Bachmann, L. and Runnstrom, J., 
265, 265* 

Biochem. Zeitschr. 22 , 290 (1909) 
Balter, A. von, 27 
Baisch and Landwehr, 343 
Bancroft, J., 413*, 430 

W. D., 37, 40, 46 

W. D. and Clowes, G. H. A., 
36 -^^ 

Bang, J., 139, 244* 

Biochem. Zeitschr. 16 , 255 (1909) 
Barbieri and Carbone, 352 
Barcroft, j. 310 

^) Journ. of biol. Chemistry 3 , 191 
(1907); Pfiuger’s Arch. 122, 616 
(1908) 

and Brodie, 334 

Journ. of Physiol. 32 , 18, 33, 52 
Bart, de and Stahl, E., 286 
Battelli and Stern, 386 
Baxter, J., 231, 252 

and Ames, 231, 252 
Bayliss, W. M., 29, 137, 166, 182, 183, 
365 

and Fischer, M. H., 220^^ 
Bechholb, H., 6, 10, 11, 16, 17, 26, 29, 
35, 36*S 42, 55*2, 5^^ 53*2^ 80, 83, 
84*h 86, 95, 95*^ 95•^^^ 96^^“% 96^^S 
97, 97^^^*, 98, 99, 99^^-*6, 100^«-*6, 
102, 102*4, 102*7, 104*2, 106, 108, 
115, 119, 119^^^*, 125, 135*4, 133^ 
144, 146, 147-^71^ 148, 157*, 158*4, 
164, 165, 166, 180*«, 196, 197*3, 
198*4, 199*4, 201*4, 203, 203*h 
205*4, 205*40, 241, 260, 262, 262*2, 
268*, 283*, 288*, 327, 332*42, 332*41 
333, 347*4, 343*4^ 352/^^ 371^ 
382*4, 394*9^ 395/n^ 390*9^ 401*9^ 
402 * 0 , 404 

4) Zeitschr. f. physikal. Chemie 48 , 
385-423 (1904) 

2) Zeitschr. f. physikal. Chemie 62 , 
185-199 (1905) 

3) Wienerklin. Wochenschr. 1905, No. 
25 

4) Zeitschr. f. physikal. Chemie 60, 
257-318 (1907) 

3) Miinchnermed. Wochenschr. 1908, 
No. 34 


Bechhold, H., 0) Zeitschr. f. physikal 
Chemie 64 , 328-342 (1908) 

7) Zeitschr. f. physiol. Chemie 62, 
177-180 (1907) 

3) Koll. Zeitschr, 2, Nos. 1 and 2 
(1907) 

0) Zeitschr. f. Hygiene u. Infektion- 
skrankh. 64 , 113-142 (1909) 

40) Miinchner med. Wochenschr. 
1907, No. 39 

41) Koll. Zeitschr. 6, 22-25 (1909) 

42) van Bemmelen-Festschrift (1910) 
and Ehrlich, P., 394*, 396, 404, 408 
Zeitschr. f. physiol. Chemie 47 , 173- 

199 (1906) 

and Ziegler, 10*, 35, 54*2, 55^ 55=1*2^ 
57*4, 73^ 106, 138*2, 147 148*3, 

162*2, 238*4, 243, 244, 260*4, 269*3, 
319, 320*2, 327, 329, 343, 378*3, 
380, 403*2 

4) Ann. d. Phys. (4) 20, 900-918 (1906) 

2) Zeitschr. f. physikal. Chemie 66, 
105-121 (1906) 

3) Biochem. Zeitschr. 20, 189-214 
(1909) 

^) Berliner klin. Wochenscher. (1910) 
Beck and Hirch, 113 
Beckmann, E., 115 
Behring, E. von, 144 
Beitr. z. exper. Therapie 10 (1905) 
Beijerinck, M. W., 76 
Bemmelen, j. M. van, 9, 26, 67, 152-^", 
217, 329, 337 

Bence, J. and Kordnyi, A, von, 315 
Benebicenti and Revello-Alves, 157 
Benebict, H., 312* 

Pfliiger’s Arch. 116 , 106 (1906) 
Beniasch and Michaelis, 204 
Bentner, G., 230 
R. and Loeb, J., 240, 295, 
Berczeller, 143* 
and Cz4ki, 29* 

Berg, W. and Fischer, A., 418 
Berghaus, W., 359 
Berman, 17 
Bernoulli, E., 381 
Bernstein, 296 

E. P. and Simons, Irving E., 211-^^ 
Bertholb, G., 283* 

Studien iiber Protoplasmamechanik 
(Leipzig, 1886) 



.1/^77/0/W fxni^x 


439 


Bketholct, M. and JuNciPLKiscir, 
20 

liKHTHANl), (1., 191 
Bhst, 42.1 

liHTi'Uni, VON, 102 

Bhzold, a. von, 205 
Bikhky and IlKNiti, V., 191*^ 

(\>in{)((‘s rcaid. d(‘ la So(‘. d(‘ liiolo^ia 
60, 479 (190()) 
liiLhiTi-nt, .L, S{)* 

Z(‘its(*hr. f. phynikaL (’laanie 51, 142 
(1905) 

Bu/rz, W., 2S, :\\*\ 47, 80, 10(J, 

107, no, 125, 115, 115^ 145^S 
19(>, 197, 200♦^ 1X4*^*-^, 4,10 
“} H('r. d. (had (’ll (ditan. (Ich, 37, HIM 
(1901) 

‘0 Z(4tH(‘hr. f. Kk’klnH’lu’inii', 1904, 
No. 51 

0 Biocli('in. Z<nt.s(’hr. 23 (1909) 
and Fn'undllch, H., 110 
and ( Jatin-nrusz(‘\vHka. L., 71 
Bn0M:(’r’H Arch. 106, 115 (1904) 
Mnch, H. and Si(4)(‘rt, ( ’, 190, 198*^, 
l99^ 204’^ 

in 10. von Bchring’n B<‘itr. z. (‘xp(‘r. 

dlua’apu’ 10 
and St(nn(*r, 11. 

Koll ZtnlHchr. 7, III (1910) 
and V(*zcHHck, A. von 40, 71*, 100*, 
100 217* 290* 

ZtntHchr. f, phyHikal. <4h(‘rni(‘ 66, 68, 
157 182 (191)9]; 73, 481 512 
BiHcnoFF, 10., 2B"/", 218*, 219* 
Z(4iHchr. f. ration. Mcalizin 20, 
75 118 (1801). 

BlahI‘:l and AIatota, J., lOO-^" 

Blom, 184* 
liLooii, 120 
BuiNHcaiLV, IL, 110 
Bobkhtao, (). and Fkiht KirndaT, 
H. W., 07* 

Bodkn’htkin, A'!., 187 
and l)i«‘tz, 187 
BOni, 55* 

Boiiu, (hui., 109 
BoiiOENY, 181 

Bonw, S. and NKtiMANN, A., 247, 247*, 
24H-^'^1 171 

Wiiaicr kliii. WdchfiiKclir, 20 (1910) 


Boudkt, . 1 ., 207 

Ann. di‘ rinsl. Ba,.si.(nir, 1899, 225; 

1900, 257 ; 190:1, 101. 
and ( }(Mi^»;(m, 207 
and Alassard, 280 
Borkowski and Duuin, 205* 
Bouowikow, 207, 207*, 278, 279 
Bosanyi and AlanslVld, ISO 
BoswoRTii, 12:1 

BorrAZZi, I*\ and DMOrrioo, (k, 110* 
Bnujii:(‘r’s Arch. 116, .159 (1900) 

B. 104, 105, 105*h 228, 294 
Unnd. d. li. Acad. d. Line.. 17, scr. 
5‘^ (1908); 2, H(‘in. fasiN 9, 10; 
18, Hvr, (1909); 2, scan. fancN 
8,9, 10; 19, Her. .5" (1910); 2, Htan. 
fuse. 4, 210 

Bh. and ( Inorato, 140* 

.Arch, di Kisiol. 1, (1904) 

Borri-'.Ri, and LandHt(‘in(a', K., 199* 
BouinaiKiNoN, 

(kunpt, n’ud. Soc. Biol. 64 At 22, 
1090 

Bovik, 141 
Boy I a-:, 51 

and ( hiy-LuHHa(‘, 51 
BRKni(i,(L 9,81, 99, 154*, 184, 187, 100, 
.171, :i71, :i74 

B Z(alHchr. f. pliynikal. (1i(ani(‘ 61 
( 1 898) 

”) Zi’itsclir. f. M(’ktro(duani(‘ 6, .11 
(1899). 

and Kajans, 188* 

Zcitschr. f. phynikal. (1i(*mi(^ 73, 25 
(1910) 

and KiHk<‘, 188 
and Hv(’(ib(a’;i:, Th., 4 
Biuk(H':u, IL and Finc’hc’r, 11 . W,, .109 
BuonU'j and Barcroft , .L, li t 
Brown, lionintT, 49, 49-^'* 
BitowNiAN-ZHKJMONnv Moviomhnt, .51, 
8.1 

BitUN.s, J. and S{)iro, K., 401*, 401* 
Bhuvn, L. dh, 4l>^'* 

Buranov re, 180 
BOeiiNUR, 98 
( I. and Klatj<s 184* 

Buoarhzky, J., Both andSTKYREU, 110 
and "iliugl, K., 110 
St. and LidHaanann, L., 152*, 1.51* 
Ardi, f. (L gcH. Bliyniol. 72, 51 (1898) 



440 


AUTHORS^ INDEX 


Buglia, G., 296 

Bullowa, J. G. M., 169^^, 174, 175, 
234 

See also Translator 
and Alexander, J., 174, 349* 
Bunsen", B., 363, 384 
Burian, R., 59*1, 102*1, 102*2^ 333 

1) Arch, di Fisiol. 7 (1909) (Fano- 
Festsch.) 

2) Pfliiger’s Arch. d. Physiol. 136 , 
741-760 

Burri, 126 

Burridge, W., 234, 292, 298, 298^, 
298®, 325, 354, 361 
Burton, R., 84 
Butschli, 0., 10, 67 
Buxton, B. H., 84*^ 
and Rahe, A. H., 203* 

Journ. of med. Research 20 , No. 2 
(1909) 

Shaffer, P. and Teague, O., 203* 
Zeitschr. f. physikal. Chemie 67 , 
47-89 (1907) 

and Teague, 0., 84*^, 430*^ 
Calcar, Van and Bruyn, L. de, 

41/n 

Camerer, Jr., 265 
Carbone and Barbieri, 352 
Carrel, Alexis and Burrows, 246* 

1) Journ. of Ex^er. Med. (1910-1911) 

2) Berliner klin. Wochenschr. (1911, 
No. 30) 

and Dehelly, 404, 409 
Cavadias, j., 375 
Cervello and Le Monaco, 362 
Chabonier, 336 
Chalupecky, 144 
Chamberland, 187, 190 
Charrin, Henri, V. and Monnier- 
Vinnard, 374* 

Chassin, S. and Honer, R., 427* 
Chiari, R., 68, 161 
R. and Januschke, 222 
Chick, H. and Martin, C. J., 143*, 
146* 

Journ. of Physiol. 40 , 404 (1910) 
Chirie and Monnier-Vinnard, 374* 
Comptes rend, de la Soc. de Biologie 
61 , 673 (1906) 

Clausius, 50 


Clowes, G. F. L., 109, 240, 241, 242, 378 
G. H. A., 12, 367^^, 37^^, 38, 40 
and Bancroft, W. D., 36-^^ 
and Fischer, M. H., 12, 175 
Coehn, a., 78* 

Ann. d. Physik 64 , 217 (1898); 30 , 
777 (1909) 

Conheim, Julius, 223 
Otto, 320 
CoRi, J., 417 
Cornalba, G., 346 
Rev. zdn. d. Lait 7 , 33, 56 (1908) 
Cramer, 345 
Crede, 365, 366 
^) Apotheker-Zeitung 11 , 165 
D Kongress d. D. Ges. f. Chem. 
Ther., Oct. 

2) Berliner klin. Wochenschr. No. 37 
(1901) 

^) Arch. f. klin. Chirur. No. 69 (1903) 
®) Zeitschr. f. arztl. Fortbildung No. 
20 (1904) 

Cushney, a. R., 336 
and Wallace, J. B., 319* 

CzAKi and Berczeller, 29* 

CzAPEK, F., 240, 248 
1) Ber. d. D. Botan. Ges. 28, 159-169 
(1910) 

and Traube, J., 240 386 

Dabrowski, 72, 103, 105^^^-, 146* 
Dakin, 405 
and Dunham, 405 
Dam, pi. van, 164* 

Chemisch Weekblad 7 , 1013-1019 
Davenport, 264* 

Boston Soc. Nat. Hist. 28, 73-84 
(1877). 

Davidson and Michaelis, 202 
Davis, J., 31 
Dean, 207 

Dekhuyser, C. and Stoeltzner, W., 
420 

Delaunay, 365 
Demoor, J., 335 
and Philippson, 298* 

Bull, de Pacad. de m^id. de Belg., 
655 (1908-1909) 

Denham, W. S., 187* 

Zeitschr. f. physikal. Chemie 72, 
641-694 (1910) 



AUTHORS^ INDEX 


441 


Dhnvh, a, and LiornKF, 28S 
Dktkumann, H. a., 113, 114, 114*^^*. 
310 310*, 311 

KHnik No. 27 (H)10) 
nHTKnMMYKIt aU(l \VA(;NMIt, 343* 
HicH‘h(»in. 21(41 schrift, 7, 3S8 (1008) 
Dkvaux, 34 
On-rrz, 187 
Diosc’oiudf.s, 304 
nHNDKit, 3(H) 

Donnan ami IIaiuuh, 40 
h\ (J., 50, 50*, 01, 02 
anti Dorman, W. I)., 343*, 344* 

H., 47 

W, D. and Donna n, K. (1., 343*, 344* 
Bril.. M(^d. Jom-n., 23 (1005) 
Dukyhu, (J. and Haukkn, 144 
and Sholto, J., 28* 

of Roy. 8;o(‘. 82B, 108, 185 
( 1010 ) 

Sholtn, J. and I)on|i;laH, (A, 2(K) 
DncnAirx, J., 01, 05, 102 
and MalOtano, (»., 02, 102 
Di'NtJKitN, K VON, 202* 

Z(‘utral. hi. f. Bakl. 34, 4 (1003) 
DifNiN and Bohkovvhki, J,, 205* 

Any., d. Akad. d. VV. v^H(‘pH(*h-Krakan, 
No. 7B, 008 (1010) 

Dtnntf-:, Fu. and llonnann, 348* 
DiniHAM ami (JuttBKu, 202'^^ 

Dinuci, A., 210, 280 
Bll0g(*r*H Arch. 85, 401 504 (BM)1) 

FHiiKcmK, W., 342* 

Biocdmnn ^(atHchr. 12, 485 (1008) 
FliKHHTADT, ()., 428* 

Diw. n(4d(4h(*rg (1000) 

Kin.Ku, K8 

FniNOKH, L. and Maviou, 421 
KFFittJNT, Jvan, 182 

I*., ai. UW*, Ii)7, 201, 240, 
2r,i, :i(ii, 420 

Klin, Jahrl). 6 (1807) 

IVIi'in(‘hn(*r nuHi. WnchcnHclir. Nm. 
33, 34 (HK)3} 

I)(*u(h(4i. mad, VV(H4i(aiH(*hr. 597 
(1808) 

and BcaddaOd, IL, 304*, 300, 404, 
408 

and Unna, P. (J., 424 
Kinhtkin, A., 50, 54 


lOisFNinomj, 200, 201, 307, 402, 435 
and LamlHtaama- and Volk, 201 
and Okolska, 403 
ami Volk, 200, 200*, 203 
^ >5(‘i(s(4ir. f. UyirUw 40, 155 (1902) 
Kissi.Fiit, 135 
ami Prin|i;Hh(‘im, 135 
FiKitoTit, (3ar(‘n(‘(‘ V., 

Kliah, 208 

.Fnr.FNnFu and Spiro, 200 
Klmh, Uis(lal(‘, 87 
Kr.HnFU(3, C. A., 201 
EnKNFK, Fr., 175 

Emhi.andfu, F., do*'**, 170*, 180 180*i 
181 ' 
0 Koll. Z(4(H(4ir. 6, 25 (1000) 

”) Koll. /aalschr. 6, 150 (1010) 

‘0 Koll. Z(alHchr. 7, 177 (1010) 
and Fr(aui(IIi(4i, 180* 

2:(atH(4u‘. f. phyaikal. ()h(ani(‘49, 322 
(U«)4) 

Rich, 170^^ 180* 

Kn(jf.lmann, Th. W., 200 
FN<a<nx, 218*, 220 
Arch. f. cxp(a\ Pathol, n. PhannakoL 
51, 340 300 (1004) 

JOfhtkin. a. a., 330 
Kuuk'o, (;. d’, 130*, 330 
and Japp(‘]li, 200 
and Savanw*, 330 
Ktiionnf, 375* 

R(*v. im'al. d(‘ PEHt 1 (H(‘pt., 1907) 
lOunnu, 11., 53, 182 
Kwaij), R, and StruKaburg, 220 

Fauaday, Micha(4, 75, 125 
Fkxht, i\ ajid Boukhtacj, O. and 
FiHchcT, H. W., 07* 

Fma.NHit, 88 

Fikij), (’. N. and Ti-;A(nfK, ()., 205* 
Jtmrn. of Fxpca*. Meal 9, No. I, |)p. 
80 02 

FinnuNF, \V., 324* 
B(*rlim*rklin.Woch(aiHc4ir. No. 3(1808) 
Arch, intta'. d(' Pharmacoclymnnic^ F, 
N(». 133 (1000) 

Fn.iiaa, F., 371, 372 

Hpca-irmaitah* 62, 503 522 (1008) 
Arcli. ilalicauKss d(‘ biologic* 60, 175- 
180 (1008); 51, 447 450 (1000) 
and Rodolico, 372 



442 


A i 'Hit ins' I MU X 


Findlay, A.. 117® 

Roll. Zfitsrhr. 3, im illMlS) 
FtNKLLSTLlN, I!,, 

Fischlu, it, 37 
A., IIS, 121, 122 
aiul lirrii;, WaltlaT, 1IS 
Fmil, a, |:I3, IS2 
H. \V., 211^2 IRa 

Haitr. y,. iiiul, «i. Pllau/«*r 
‘A liHH’haiu. 37, 223 2 la 

(limn 

O. nut! F„, t»7'* 

Bt‘r. tl. U. < 'Innii. <*fa. ♦■U»77» U’^WlNi 

anti BrirgfT, K., 

mul .Itaanni. 12. 222A 2*t2 


BitH*ht‘iiL Zrit 'it’hr 

. 20 , 11:1 


IVlartiti !!.. 

12, 3 : 

1. 30, 3t5 

"^3 07 *" 

. I»H 


■, ■(). 

lla. 

m\\ IT 

"Y* «♦»! 


22a, 

‘i-'ii*, 

227, 

2'*S*''^ • 


220 

230, 


,231, 

2 : 12 , 2 : 1 : 1 . 2 : 10 . 

207 

2S2, 

'JS'.I, 

2S0* 

2!«k 

:Ua 

310, 

;)•.>()*, 

321, 

ui'i'". : 

123*. 3 


321, 

;w7, 

32H''’** 

, XW’\ 

:i:t3*, 

331 

330, 


33H*3 3:113 

:iiv\ 

:Ja2 

410, 

■111 






I){iH OLtltati. ill v. 41irra|ttnit 

untLiwht d. Fhyaial. it, Fitllml 4. 

WaKH(‘rh. iin. t IrgaitiauHiii 
dvw, UUO) 

Did N(»phritw, tt kriiiBrhi^ 

Httitiit* itlwT Xiilur ti. t’mu’hrn, 
tl Prin7„ ihriT HtTliamlliifig (Urw- 

(Fn, m\} 

i) BriitpflD 3| •MM 

(liUt) 

s) Kull. Zaitwhr. 8, (lillll 

anti Baylisrt, 

anti ('Itmw, 12, 175 

anti lltaulnrmin, L. 3., 232^^ 

imtl lltigan, 

anti Iltiijknr, IVl. <K, M, 11% lW\ 352 
and dtamtai, F., 2111* 
and Cd., 27* 

anti Htrt»itmann, A,, 2!l(l 
and Sykt^H, A., 334 
anti WtHKiyatl', 335 
Fihkk, IHH 

FLLIHCflAtANN, 

M'LETtniLti, W. M. and F. Cl., 

2im 

and Ijinglny, 32B 


I-'m ni M , 2 13* 

I 3 -1.1. thi, H| in, |.»iK 

F.|,^rii>>ii /.*-D-ri,u 111 i*s||*.. 

13, list : , \ . t.H 

I', a iuia, I . . *M.‘3 |ii;, l.i]\ }:;i, |:||*^ 

!vt 

KmH ':vhi 4, r**^-’* |Dfp‘i 

F i'i .it ,■ d sir I \iiii,|uii 

IDI! 

Vnwhi.i . S iiuA yi,^ 

Hiir 

•' rkni, liii-.iMl, ij, 13, , fill, 1^ 
a, :iHH :Vrh I Hill,. 

I’iliNL. ! ■ A-l** 

‘rrht ! I»fri -ijMl I Ijriiiir" 70, 12!, t 

ilJ FMft 
Vnw LI I , S , I Hj 
I'liiNJ-iL, IKI 

\r*'|j i F..i!|i, il tliiiriiL 87 

' i»«L' ' 

lAu.t,, U . :ill* 

/*’|l ';,4ir i Infrkl 11 ilvi-L 

4 IF lir, i;;, 

M iiiit iM 1 *> I . Fla 

Fih-I \m! d li, II . I A 2.1, 2 : 1 *^ 2:r''‘‘, 21, 
2F'' , 24, 27‘''3 2 hM. 2'3 un, . 

7*t, htt. Hi, hT, I III, I I7"\ |h; 2 3ir 

V| If ididitaliaii.narlirifl fl^i|«/4g, 

KmII 2/,rii..,rFr, 1, :i2l 7, 

l!j;l 

Uiiid Kt»i.4An»k'r I HIP 
and I > , 27 

Z*4i-«'Fr f |*liVftjksi|„ < 8% 

2H| :it2 4»ill7i 
il.|l4 I* , 7*1 

imd , 117'^ 

liilil Srliurlif, 2a* 

Land Slfinil*'. 21:1 
Fiilin I-: , :i:ih, nn* 

.\rrl, im Frt l.:ifi ci!OT| 
Fiitr.l»ii|.nnriL 2111, 37 1 

and 21*3 

FtiiLt»i-«..%NN, I' , 11*3 1 1*1*, lAirF IST, 
'Ji2- *2 2P7, 

»i Arrh. f, IlyMiriiti IS, rifil dlWI 



AUTHORS^ INDEX 


443 


Feikdeman'n, 2) ()j)|KMih<‘i!ti(‘r’s 

Ilautlh. tl. 3, 2 

mul KritnltMithal, IL, 149*, UU)*, 202* 
Ztnts(*hr. f. ('xprr. ii. ''riuTapio 

3, 73 SS (191)0) 

atid N('i.s.s(‘r, M., 84*, SO, 200, 203*, 
205*, 2s;i* 

Fim-'.DHNTUAh, IL, 0, 135**, 149*, 157*, 
104* 

B(T. (1. 1). (’luan. (Jrs. 44, 900 (1911) 
*) PIiysi<»l, Zt'titrnlbl. 12, SI{> (1899) 
and KricHli'maan, U., 149*, 100*, 
202 * 

Fuihui.andku, d., 01*, 130* 

Z«41h{4u-. f. physikal. (’luaiiic' 38, 430 
(1901) 

FCdrm, O. von, 109 
and S(4u'ttyM 3., 191 * 

Baitr. <4i<an. Pliy.siol. u. FalhoLO, 
28 19 (1907) 
and Uadi, 291 

(lAHurrscHEwsKY, A., 280 
(lAint'Kow, N., 127, 277, 278 

I)nnkt4f«4tllH4fin4itun^ u. Ullraini- 
kroskopii' in d. lOoIojj^iati. MiMlrj^iu 
(Jana, 1910) 

(lAi.ia'Ki and Zsigmondy an<l Wilk(‘~ 
DOrfUrt, 98 
(lAi.rrznu, H., 204 
(lALKorn, A., 340* 

Art’h. f. Anal, u, Bhynud, Ahl. 200 
(B«)2) 

(Iaictneh, a., 172 

(4atin <iuph^,kvvhka, Z., 130* 

Fliilgrr’H Ar<’h. 103 (1904) 

(lAf 'LtWHAr, f)! 

anti Bttyla, 51 
and iStailhard, 377 
•(.iKiniAHnT, \V., 203, 209 
(JKNtion, O., 371 
anti Bortlt*t, 207 

(iKHiiAETZ, IF, 210*, 205, 205*b 200 
FflOgar’H Arfli. 133, 397-499 (1910) 
nmgar’H Arrh. 135, 104 170(1910) 
(Initnorr and Kilnit/,, 203*^^* 

(Ikhkll, It. A., 333 
(JiuiiH, W., 25, 25^« 

OlEMHA, (F, 434 
(llKrtON, VAN, 435 
OinniatT anti laiwaa, 205 


ChiiAun, 59*, 322, 322* 

(k)np)t(‘.s rend, dw i’at*. d. IjC. 146, 
927 (1908); 148, 1017-1180 (1909); 
160, 1440 (1910) 

dnurn. d. physiol, and pathoL (uai. 
12, 471 (1910) 

-Mangin and Htairi, V., 204* 
(iLAUnHU, 8 
( loni.KVvsKi, 88 * 

(lonnst’iiMinT, H. and FiIiuham, 387* 
Z(‘ilsehr. f. exptT. Pathol, u. 'I'hta’npit* 
6, 1 (1909) 

(lonta, 204 
(loia.. 332 
( hn.ODKTZ, L., 103 
( loi.onrn’z, 1.. and Unna, P. ( h, 434 
(lOM, W., 300 
( lOtx'H, 98 
( JoeennsHOnnit, 108 
(hma.iNn, It. and MA<;N\ts, H., 332, 
330* 

Areh. f. t^xptax Patlutl. n. Plnirm, 45, 
223 (1901) 

and Mt'yer, IL, 332*, 380*, 412* 
(lUAiiAM, I'honms, 3*, 4, 10*, 55, 81, 90, 
I 10 

Philtw. 'PransaelionH 1, 183 (1801) 
Li<4)ig\s Ann. d. <'h(‘i[ni(‘ 121 (1802) 
and Herzog, H. < )., 1 40*'^ 
anti Stephan, 54 
(I HAM, 30, 435 
(luAwrrz, B., 418^'*, 421 
(JitoH, <). anti O’C'oNNou, J. M., 305*, 
372* 

Arein f. t'xpt^r. Patht)L ii. Phann. 64, 
450 407 (1911) 

(litNtJou, 298 

11htgt‘FH Areln, lOl (1904) 

(JutKHHi-at, ()., 102, 174, 350 
(iuOhmh and Durham, 202^" 
and Widal, 202^” 

(IhOiu.nr, 180 
(iHONWAt.n, 41. 1 
(iuOtznhh, P. von, 353 
ChtAUniKHIMULO, 143* 

<»UMUuiNi and NtasHta*, M., 288* 
CUnaiKNHKiM, M. and Ahderhalden, 
34*, 189* 

(lUnnv, Baumann, 329 
(JUMU.F.V.SKT, (1. ()., 318* 

Pliiiger’a Areh. 89, 500 (1880) 



444 


AUTHORS INDEX 


Gurber, a., 245, 307, 314 
and Limbeck, V. and Hamburger, 
H. J., 321 

Haak, a., 124^'^^*, 125 
Haas, A. R. C., 388 
Haber, F., 

Ann. d. Phys. (4) 26, 927 (1908) 
Zeitschr. f. physikal. Chemie 67, 385 
(1909) 

Haberle and Vorlander, IQ-^”' 

Hackee, 252 

Hahn and Troivimsdorf, R., 206 
Munchner med. Wochenschr, No. 19 
(1900) 

Hailer, E., 199* 

Arbb. d. k. Gesundheitssamts 29, 
H. 2 (1908) 

Hales, 66 
Halliburton, 219* 

Hamburg, M. and Fraenkel, S., 190* 
Hamburger, H. J., 236, 244, 254, 307, 
322, 322*2 

2) Biochem. Zeitschr. 11, 443-480 
(1908) 

and Hekma, 287* 

Biochem. Zeitschr. 3, 88-108; 7, 102- 
116 (1906-1907); 9, 275-306, 512- 
521 (1907); 24, 470-477 (1910) 
Koeppe, H. and Overton, E., 236 
and Limbeck, von, 314 
and Limbeck, von and Gurber, A., 
321 

Handovsky, H., 82*3, 147^^, 149*b 

151, 152*2, 155, 362*2 fn 
^) KoU .-Zeitschr. 4 and 6 (1910) 

2) Biochem. Zeitschr. 26, 510 (1910) 
and Pauli, Wo., 147'^”, 149*b 151, 
311 

Hannover, 421 

Harden, A. and Young, W. J., 191 
Proc. Roy. Soc. 77, B, 405-420 
(1906); 78, B, 369-375 (1906) 
Hardy, W. B., 10, 64, 145, 158, 158*^ 
159, 159*2 

0 Joum. of Phys. 33, 251-337 * 

Proc. Roy. Soc. 79, 413-426, Ser. B 
(London) 

Harlow, M. M. and Steeles, P. G., 
189* 

Joum. of Biol. Chem. 6 (1909) 


Harnack, E., 142 
Harriman, Mrs. Oliver, 169-^^ 

Harris and Donnan, 46 
Harrison, W., 135* 

Harvey Lectures, 210, 228^^, 299 
Hatmaker and Just, 178 
Hatschek, E., 15, 15*, 16, 16* 262, 348 
Koll.-Zeitschr. 6, 254-258 (1910); 7, 
81-86 (1910) 

Hansen and Dreyer, 144 
Hausmann, j., 262* 

Zeitschr. f. anorgan. Chemie 40, 110- 
145 (1904) 

Haversian, 263 
Hay, 413* 

Journ. of Anat. and Phys. 16 and IT 
Heald, F. D., 382 
Hecker, 156, 157, 206 
and Pauli, 156, 157 

Hedin, S. G., 28*^ 185, 191*2, 192*, 
243*b 307 

1) Pfluger’s Arch. 60, 360 (1895) 

2) Biochem. Journ. 1, 484-495 (1906) 
^) Biochem. Journ. 1, 474, 484; 2, 

27, 81, 112 (1906) 

0 Zeitschr. f . physiol. Chemie 60, 497 
(1907); 60, 364 (1909) 
Heidenhain, M., 318 
Pfluger’s Arch. 66, 579 (1894) 

Heinz, 408 
Hekma, 160, 279 
and Hamburger, H. J., 287* 

Helbig, 435 
Held, 234, 234* 

Arch. f. exper. Pathol, u. Pharm. 63, 
227 

Helmholtz, 353 
Henderson, 310 

Lawrence J. and Fischer, M. H., 
232 -^^ 

Henri, V., 83* 187 
Comptes rend. 147, 62-65 
(and Girard-Mangin), 204* 

Henry (laws), 20, 242, 243, 308, 309, 
388, 396 
Herbst, C., 264 

Mitterlungen d. zool. Station NeapeL 
11, 185, 191 (1803) 

Herman, H., 293 
Hermann and Dupr6, Fr., 348 
Pfluger’s Arch. 26, 442 



AUTHORS* INDEX 


445 


IIeezoq, B. and Aim a-: a, 27* 

H. ()„ TkI, r» 4 , KKi, lOl, MB, 

Zcits<*hr. f. KIt‘kt rocln'm. 13, 533- 
539 t 1907) 

and Aniunuus, Sv,, -17 
land Ciraham, I’h.), I4B*‘’ 
anti KaHurnowski, 104*, 1.S3*, 

190* 

BuH4anij, ZtntHcfir. 11, 172 (1908) 
and (>h<>lnn, L. W., 53*^“ 

Ukhh, W., 114 

MOnc'hiuT nu‘d, WtHduaiwdu*., Nn. 32 

(1907) 

HnssiiEHt^ P., 208, 209 
Hevekn, vnN, 99, 3BB, 370 
Iltnn, A. C’uoiT, 250 
A. (k an<l l^irnuH, 298 
IlmOKOWA, 111 
lIlHHCH and liKrK, 1 13 
IhusfiiFi’.nn, M. and Pnnli, 152 
lIiit.HUFKnn, L., 201, 204*A 285, 285*, 
280 

0 Znilwhr. f. all^. Phyn, 9, 529 
534 

'0 Arch. f. Ilyg. 03, 237 280 
HOheh, It, 81, 243*“, 244*A 292\ 294*, 
295. 295*^ 295*‘h 290. 298, 307, 
307*k 311, 319*k 322. 329, 

353, 353*'»^\ 382, 380. 387. 387** 

0 PflOgtT'H Arch. 70, 024 (1898); 
7ft, 240 (1899) 

n PflOgcr’a Arch. SI, 522 (HKK)) 

•M Phymkal. (’hnin, tl. Zclln (M4p/dg, 

IIHIO) 

^*1 PhymkaL C'hcm. il. Znllc u. d, 
ihnvnhc (Lci|mg, 1911) 
t Pfltlgcr’H Arch. 120, 508 (HK)7) 
PhyMkiih C’laan. n. Phymol. in A. 
V. Koritnyi «. P. h\ Hiciitt^H 
Pliyaikiil. C ’hemic n, Mcnlizin 1, 
381) 1907) 

«) Bitichm. Zcitt4ctir, 14, 2(H) (BH)8) 
Btnchcim Zcitaclir. 14, 209 (HHIH) 
Pflilgcr^s Arch. 134, 3U (1910) 

«| Bbcltcm. Zviimdir, 17, 518 (im)9) 
ZcitHchr. f, PhyMikai. (’luanh* 70, 
134M45 (19101 

Zcituchr. f. allg. Phywnl. 10, 173- 
ISO (1910) 


HOheh, It, ^0 Arcli. f, d. gc.a. Physiol. 
131, 31l™33() (1910) 
and C'ha.ssin, S,, 427* 

KolL Zcit.schr. 3, 70) (1908) 
and Joel, A., 380 
and Huhland, 242 
and Waldtadxa’g, 295* 

P0ug(‘r’H Arch. 126, 331 (1909) 

Hoff, J. H. van’t, 43 
lloFMFasTKu. I'k, 07*. 95, 147'^" 151, 
10)0). 220, 270), 277, 318, 319, 337, 
343, 409 

Arcli. f. (‘Kp('r, Pathol, n. Plinnn 
27, 395 (1890^; 28, 210 (1891) 
and Ostwuld, Wo., 337 
and Pi(4v, 1 0)0 
P., 1 15 

Hooan?, t J. and FimarEit, W. It, 
220'’ 

IIonnH, I)., II*, 04* 

(’laanikcr. Ztg., No. 54 (1908); 
Z(4tschr. f. ang(av. C^uanic, 2138(7, 
(1908) 

IIonDFUFU, 187 
HdM*:u. It, 230 
Hota.iNOF.u, 235* 

Bioclaan. Zcitschr. 17, I (1908) 
Hookhu, I). U., 231, 332 
Am. Journ. of Phy.siol. 27, 24 44 
(1910) 

Marian (), and Fisclica*, M. It, 33, 
30, 30^'k 352 

IIocKFNH, I'k (1. and Fl<4(4u‘r, 298 
Hocch and Hhvlku, 220 
liovvF.nn, 299 

lIowi.ANm ami Marriot, 314 
Hunt, II., 300 

<1. and KBvi^hI, 340 
Inaoa, It ami MiUka', ()., 311, 
380 

Ih<h>vkhco, H., l85*^ 239, 299, :m*\ 
330*’t 342*A 375^" 

*) (’ompti'H naid. d(' la Soc. de* Biol. 
60 (1900) 

Ktmlc snr h's htimcurs d<! Porgan- 
hlU{‘ (Paris, 1900) 

‘0 Biocluau. ZtatHchr. 24, 53 -78 

(1910) 

Ihiii'/aka and HomaaiT, 84** 

Ihunfoka ami Fru*dhcrg<*r, 305 



440 


A ('THORS' IXDKX 


izAii, G., :i72*\ :i7n"* 

') Bioduun, Z(‘itsc‘hr. 20, 240, 2t>C> 
(1009) 

••) Z(4ts(*hr. f. Inumiiutat.sfoi’Si'hun- 
g(‘a, Oria'. 2 

'*) ZtMtschr. r. kliu. Ma(lt‘zij\ 68, atU 
and Asctjli, M., 211, dOa**, 300, 371, 
373', 377', 3S3^''‘ 

Jacobson, 1\, IS7 
Ja('oby, M., ISP, 190 

Biocluan. Z(ats(‘tir. 4, 21 (1907) 
and S(‘hulz(\ A., 1S9', 19r» 

Z(M(s(*hr. f, Inmiuniliilsforschini^»:«*u 
4, 730 '739 (1910) 
jAc’ocfv, L. and Zunz, K., 199^ 

Ar(‘h. intern de Pliysiol. 8, 227-270 
(1909) 

Ja<!Ic, N. and LaiulsttnmT, K., 2(KP, 
204* 

Japmlli, G, and D’Buurc'o, 290 
Jknsbn, V. and Kisclua’, H. W., 212, 
222 * 

anil Kist'hnr, M. !!., 291* 

JoHB anil llOhcr, II., 3.S0 
Johnson, ISl 
JooH, 4., 201* 

ZcntHcdir. f. Hyj^iiau* 40, 203 (HK)2) 
Jounis, 10., 93, 93*^^‘ 

JosKiai, 377 

Dmnat. Znntrald. (Snpt. 1907) 
JOHIJN, 314 
JosT, L., 259* 

3'harandU‘r forst . Jahrhuc-h 60, 331 
334 (1909) 
jHNCJFr.HIHCH, 20 
JOnohkn and (Sonaistai), 143* 

Just and Hatmakuh, 175 

Kaih.hnbhho and Tituu, 3H2 
Kahahnowhki, !i. and llmnic, It G., 
104*, IH3*, 190* 

Katz, J. It., 17S, 292 
K ATZUN K LLK N B( H I H N , 3 1 9* 

Pna^fT’s Arch. 114, 522 (P.H)0) 
Kaufmann, M., 300 
Kkkhom, 119 

Kilnitz and Gueuoff, 203*^^* 
Kiuhchbaum, 99, 102, 197, 205 
and Pribram, 99 
K)[Hc’n, 240 


l\i,.\rn‘ and llinduirr, IK4* 

It'/, 231 

Ki.KMi’ianan < b. 3 13. 3 i:P« 

Kuosr: and N'otrr, 352 
Kxkibi’, k*n,, 301 
K\(»u\ K\ 1’3, 70, IST, 42^ 
Sitzuna d. clain. in*?!. /ti I bidi liit-rt* 
17, 2 1 lull 0 iZril'i’lir. f. am* 

( 'ban. 505 i 191 1 1 
Koiuou P. A-. 120, 120 
Ktnua B. 173 

IGh‘h, Pitlnal. 13.S, PJ.'I, M!>7», 3!U’> 

Koi jnn , H .. 307 

anil flainbiiri^rr anti Ov«'ii.i»n, 230 
Kttm.KB, V. am! IVauftr, 3., 103 

1 2 1 ” 

Kouuun. P , 95 
Kot.l.l;, vo\, pH'/'’* 

KoIVov.uwsku !U. 

KouAnu, a. \t»\. :U5. 339\ :i4i 
ZfitMrhr. f Idm, Xb-df/m 34 tlHOS 
liiTlinti* Idin, W ttchfiFii’lir. 7SitlH9!i 
nn«l Banff, .1 , 315 
an»i KttVfHi, ;ui 
Knvt^'d nutl lOti h'Sfliidt /, 310* 
Pallitil, n, 3‘laT!i|*ir ♦!, Meffidn 
snUizicn/, 76 il#fip/n!, i!«Mi 
anti lOflitfr, tO, 315 
Physikal. Ghfinif n. Mcdi/in 
tijl, 1907 P«9S| 

KouAn'VI, P. 4*. and Itifarrioi, A, v., 

113 

Kossta., A., BtO, 279 

MOfifhiifr mfti, \Vt»f!a’iaa4ir, 58, I? 

G9U) 

KOvust ant! luoid., G,, 310 
A. %*. aial Kttrilnyi, A. vun iiinl Itotli. 

Htdmliz, 310* 
andSurdnyi, 311 
Khai'I'TX F., 40 
and Hrint.H, A., 45, 411 
Khans, 313 

Kiiuinu, A. anti 350* 
ami Xiniinanii, :| |9* 

KhOumh, 50 

KhOnhi anti Paul, 395, 401, 402, 403 
KrH*nvmt*ii, J, A., 200 
Kcnui;, 210 
Kicnut, 70 

Kciu'KH, viin, 24H, IITS 
KOsthh, K., 201 



xxrrnoRS^ index 


447 


Lakh, W. H. van. ISO, IS4 

I. ( (1(‘ Iini.ss(‘n(‘ 26, 7 
(llHO) 

Bull. A«‘a«i. li. Mix. :m :m: 

:i70 (llHl) 

LA<iHHc;UKKN, 007 

Lamv, M. and Maykr, A., 00 1 000 

naul. Or la Sot*. Ot' Biol. 

222 ( 11)01) 

Lanustkinku, K., IDS, 200, 

201, 2or> 

anO lioBtai, A„ 100 *•’ 

Zrui rjiU»l. f. Bakt . 42, 002 50f> (1000) 
I'O.HrnluM’a niul \‘olk, 201 

ai\a Ja^ir. N., 200 201*' 

Mi’iiirhnrr mr«l. WorluMischr., No. 27 
(lOOh 

jual Pauli, Wo., 200*', 200 
WitMU'r lurtl. WorhtMi.srlir., No. IS 
{ IOOS> 

auO riilir)'., Mo*' 

< Vutrnllil. f. liakltT. 40, 200 (100.7) 
anO W»'kn’k, St., 200 
Ztntsrhr. f. Iiuimmit ataOir. u. rxjHT. 
O'luaatnr 8, 007 10.1 (lOlO) 
Lanu>\vkuu huO Baihuii, 111 
IiANtu.uv, J. N, and Ki.^tohuu, 128 
LAqtua u, I'k, lol, 101 
and Sacktir, C)., 15 1 ^ 101, I O P 
Britr. rhtau. Bhyniol u. Ba(lu»l. 3, 
101, 221 

Lawkh mill (Olhuht, 205 
Lk\, C'aiu'.v, 10t> 

Am, Jourii. of Srirm*r (1), 37, 470; 
38, 17; 41, 482 

lacAVKNwnirrit and Mrndid, 200 
hmv.miw. A. von, 102-", 100^ 

Biorhrm. ZintHrhr.20, U4 125(1000) 
LKUKii, 451., 2H0 
I.#F,ri,ur and Dmiya, 2HH 
LKimu, STfamANi-:, 254, 254^**, 255, 
255*11.^ 250, 25fP^^% 257 
LKMANis^iiKn, J., 7:P, 144, 144*, 140* 
I/f%fndr dra rorp?^ ult mmiaroao, 
41h*«h (FariM, 1005| 

L*flndn dna rorfw ultminiaroHa, 
(ParOi, 1005) 
liiai Mirliiinlw, 144 
I.KNK, K., too, 350* 
liiul Flirt It, 0. vtm, 201 
and Kriidl, A., 350* 


laONNICI*, Boss VAN, ISl 

LKPUsmiiKiN, W. W., 240, 245, 278 
IjHVAditi and \'AMANoiH'm, 20S 
Lf.vitks, S. 102 
Lfavith, 151 

Lk'htwitz, L., 141, 101, 101 

MI), meal. Wo(*h(‘USi‘hr., No. 15 
(lOlO) 

'') Z(‘i(s(4ir. f. physiol, (lumiic' 64, 
III 157(1010}' 

and Iios(Mil>a(*h, !•'. J., 112*, 141* 
Z(‘its(*hr. f. physiol, (luanii* 61^ 117 
(1000) 

LiFtiFU ami S(4mu(l( , B., 180 
lUFUFItMANN, B., 152*, 151*, 177 
I;. Von, 200, 205 

luFSKOANO, \L hk, I00*k 210, 257, 

200*'\ 201, 20r*‘, 201 201, 
201*5 201, 200*, 200*“ 

V)(4u‘m. K.<‘ak(iom*n in (lalka’Uai 
(Brijizig, ISOS) 

’M Hi'ilr, z. I'inrr kolloiihtluan. d. 
Li'lunis (l)ivs(hMi, 1000) 

Ann. d. Bhys. 19, 400 (1000); 32, 
1005 (1010) 

Roll. Zritsc.hr. 7, 210 (lOlO) 
Nuturvv. \Vu(*h(‘nH(4ir., No. 41 
(lOlO) 

*) Journ. r. Bhychol. u. Ninirol, 17, 

I IS (lOlO) 

Lu.i.ih, K. (4., 178 
Am. .Journ. of Physiol 17, 80 (1000); 

24, 450 (1000) 

\L S., 205*^ 154 

Am. Journ. of Physiol. 10, 410 
(1004) 

Limufiuv, V., (lOuiU'Ut, A. and IIam- 
mtuoKU, H. J,, 121 
von and llarnhurgi'r, 314 
larMAN, (I B., 370 

Umn, JAc’quF.s, 22.5^^l 230, 241, 245, 
245*1 204«, 282, 280*, 378, 370, 
413*® 

*) PfliWT^H Ar(4i. 69, 1 (1808); 71, 
457 (1808); 76, 303 (1800) 

®) PlliiK(‘r*H Aroh, 91, 248^(1002) 

D UnN'rsmJi. Qb. d. kiinst. Parthiv 
nogmu'st* (Ian|>/4fi:, 1000) 

*) Bi(K*h(mi. Z(‘itsc!lir. 11, 144 (1008) 
J, and Htmtnrr, R., 240, 205, 205^'^ 
ami Usi<*rhout., W. J. V., 241 



448 


Arriioh^s^ iXDKX 


30 

Lokpeu, 32l^ 412* 

C()nipt(\s HMul. (Ip la Sot*, dp BioL 
68, 1050 (1905) 

Loewe, (1., 243 
S., 139, 3S(> 

Loewy, a., 308*'^ 309, 312** 

in A. von KorAiiyi u. P. P. Hicli- 
t('rs Padiol. d. U(‘spirati<ui 2, 37 
(Leipzijjj, 1908) 

2) in A. von Konliiyi u. K. Uich" 
tpfH l^hyniknl. (3»‘ini(‘ u. Mpd(*/au 
1 , 248 (L(4py/ip:, 1908) 
and Munz(T, K., 313* 

Arch. r. Phyniol. (1901) 

LOfei.eh, 30, 3(/'’ 

LoriENZ, II,, 11, 49-^”, 51 
Lohev, (1. and Pnaindlich, II., 
27* 

LcnTEitMOSEU, A., 28*, 84*, 305^^‘ 

Koll. Z(4iHchr. 6, 78 83 (1910) 
Lowe, (hiAH., 252^” 

LOwe, 1L, 302 
LuuARHcni, 231 

Lxideukino, CitAH. and \Vh*d(*rmann, 
h)., 134*, 137* 

Lxidwk}, (1., 00, 330, 337 
Ludwio, (h, 331'^^ 

LxmiER (-Ontwald), 108^^‘, 113 


Macallxtm, a. B., 20, 234, 234^”, 2H7, 
292, 290, 290*, 298 
Bcicncp (Oct. 7, 14, 1910) 
MacOalmtm, 413, 413* 

0 PlUlg(T’H Arcii. 104; AnuJoxiru. of 
Phyniol. 10, 101, 259 
On the nu'chaninni of tht* physiol, 
action of tlu' ctitharti<m (Univ. tjf 
Oal. public,, liK)0) 

MACdloNALi), 298 A, 354 
McCLENnaN, J. M., 98, 379, 405 
McjOollum, 351 
Madhen, Til, 50, 105 
Maonub, It, BM), 190*, 227, 333** 

*) Arch. f. I*athob 45, 210 

(1901) 

^) ZdtBchr. f. phyttiol, Ohoinic 41, 
149-154 (1904)' 

Maonttb, E. and Oottlkb, R., ^i32, 
336* 


M.\L 4. and R((Tiir.Ni*LHHi‘*,iL S,, 174 
B Milchw'irt.schafl I. Zmitralbl,, Xt>. 4 

09101 

Zpitschr. f. Unt«‘LL d. Xaltrungs- 
gt‘nuBBmitt«4. Xh. 12 
Mmeu and Por^cC''-*. O., 20S 
Maleitano, O.. 91. !Ci. 102 

and l>uclau\, .1.. 92, 0^2 
and MoBchknlT, A. X\. Kir 
CkauplpB rend, d(' rnp;id. d. BcipiirpH 
151, 8171T. 

Ma\<;ix and Hi-: mu and Oirard, 

201 

MA.v.HEEi.n, O., 388* 

PfUlgprV Arch, 131, 157 101 (llltOj 
and BoBilnyi, 380 
Marc, 120, 121, ISO 
EoI>, 20* 

MAR(‘ii\\n, 23 

MAR(iAnAM‘ and Pr»4, OOil, 103 
M auinkbi'o, 2i»0 
^.^ARRt(»^ and Ibnx Lwn. 314 
Martin, r. *b. 113*. 1 OP 
MAaira, M. and MniiAtaan, L,, 337 
MAHBAitn and Borolt, J., 280 
Mahtoa, 353 

Mathlvvb, 353, 353*, 382. 382* 

Sci(‘nc«^ 15, 492 (t IK 121 
MATHtaaorr, P. and Mhlllmio, 210* 
Rpv. Zen. dp BiRaiiNtUP 14 (1902) 
Matlta, J., 152, 150/** 

Mai'arp, 152 
Mavkr, Andr«% 159, 159* 

('oniptt*H rend. t,0«i. 8, HKIO) 
and Kdiiuccr, 421 
A. and l^iiny, Iv, 331*, 335 
and Hchapllcr, (/, 279* 

rend, dt* la Hia*. ilr fliiil. 64> 
OH I (limHI 

Maveriioeer, Iv iiiid Piiiiii4«. K., 
322* 

B Whiipf klin.WorliPiifirlir.SlS I l!HI9i 
8) Zpit?»ctir. f, PN|aT. Piiflifib ii.Ttirni- 

pint OiKlIB 

BujcIrtii. Ziatarlirsft M, 453- -409 
(1910): 27, 370 3H4 (1910) 
MEtiitiWBKt, W., 303 
MKCKtMsunm, W., 25, 25*, Hit, 120 
Meiob, K, B., 2!Kb 290*, 291* 

Arn. Jotirn. of Phyitioi. 191-211 
(1910) 



AUTHOrLH^ INDEX 


449 


MEIJKUINtJll, W., 175* 

Chinn. WcH^khljul 7, 051 953 
MiCLTzioii, S, J., 3S(>, :kH7 
and Shnkl(‘(\ A. ()., ISO* 

Mi'iNDiiL, L. Ik and Lioavknwouth, 

2m 

Mkiu’K, !>0 
MHItlNt.*, VON, 2'Xl 

AIhsthkzat, 354 

MKroALi-, W. V., 33k 34, 35, 347‘> 
Zcitsvhr. f. pliysikal, ('luanin 52, I 
(1005) 

(anti llainHtkni), 34K 
AI KTt ' H N 1 K o !•* i«\ 1'3 'n • , 285 
K., 103, 230 
Alnrunu, H., 245* 

Jahrh. f. \V(‘HsrnA<'h. liotnnik 46, 503” 
507 illMMM 

KIf.vku, II. and (lorrnnai, H, 332*, 
3S0k H2* 

MKpnr. Phartnukoltitdc ( Hfflin, 1010) 
Hans anti Ovaaltm, 14., 385, 380, 387, 
388 

Ktui, 54* 

nttfuitnatarH Htntr, z, ihvm, Phyait)l, 
u. I*a{ht4. 7, 303(t 


Mil'll \i‘, 1,1 

H. L., 

27, 28, 77 

1 107, 

113, 

llii, 


. Ill, ML 

M4*A 

145. 

M7, 

1 17 "A 

158, 101, 

104, 

105. 

IKf.'*'’, 

. 180, 

187, l!0l. 2(1 

I2, 285 



*) I), mtnl. WtH'hvina’hr. 42 (1001); 
Virfhimv. An-h. 179, 105 208 

(HK)5j 

s) Bint4i«an. 7A\hvUy. 7, 488 402; 12, 
20; IS, 81 HO, 480 488; 17, 231 ^ 
231; 19, 181 185 {Umj BHHO 
9) Biin’hrin. Zriti^rhr. 19, IHl (HHIO) 
and Hi*ni!iH«4n 201 
ajal I laviflnuhn, 202 
ami KrtnuidlifOi, 70 
am! I .finanij^wiii', J., 144 
anti MaMta*, 337 

am! Itdim, 0., 107, 107*^, 141**, 145*, 
147, 201, 234, 348* 

A) Hiimhniu. 7aat?4«4ir. 4, 11 (lOOT) 
IlitM-laaii. ZtnlHt’hr. 14, 470tT (1008) 
HitH'hfan. 7i4t.'a-hr. 15, OKI (lOOH'i 
’^.1 Bioi'hiain ZnitHnhr. 21, 114 122 
Bif«*lmin. Ztilaititr, 25, 250’-4Kk’ 
(lOIOi 

ami Skwirnky, 200 


MnaTucK'n, M., 307* 

Ztaitralhl. f. Physio). 24, 12 

Minkowhici, ()., 314 

MrrrFLnAoit, Rolaai;, 02-^^^ 

ModfosivI, 3. W. and PhafTor, 156 
Mofi.scu, IL, 210, 217*“- 
Moia-, 150* 

IIofnu‘is((TS B(‘i(r. 4, 503 (1903) 
MoFLiAun and Matruchot, P., 216* 
Moouf, a. R., 230 
ami lioaf, IL K, 387* 

B. <L and Roaf, II. 10., 73* 

Proc. Roy. So<‘.. of London, Snr. B. 
73, 382 (1001); 77, 86 (1006) 
MoitAWITZ, P., 301* 

Kolloidt4min. Brihofie 1, 301 (1910) 
MtmtiAN, J. L. R, 100 
MtmtJFNKOTii, J., 201*k 205*2 
V) Miumlnua* intul. Woclmnschr., No. 
2 (1003) 

Ar}))).a. <1. Pathol. In.sl . (lA^stst^hr.) 
(Btalin, 1006) 
nml Pants I ).. 200*k 200* 

Bita4min. Ztal.snhr. 1, 354 300 (1000) 
Muunfu, K. a. IL, 72*, 343*!^ 

B Znitschr. f. phy.sitjl. Ohtauio 34, 

207 (tool) 

'k Skantlinav. ArtOn f. Pliysiol. (lOOl) 
Mt>ttofnt>\vF'i’Z, Lt't), 04, 04*^^‘ 

MtniHF, IL W. anti PiFutiF, (1. W., 
202 * 

Znitsflir. f. physikal. (duanit* 45, 
580 4107 (1003) 

Mimozzi, CL, 3U* 

Biofhtan, ZtatstOir. 28, 07 105 (lOlO) 
MtmcHKoFF, A. N. and Mahitant), 
134* 

MoTZFFFt>, 330* 

MtiFFANci, M., I HO 

iMumi, !L, I II, 100 
Hcarna* ami Sit‘ht‘rt, (L, 144* 
ZoitHchr. f, diiltt't. ti. pliysikal. Tlmra- 
pit*8 (1001, 1005) 

MOUlAtANN, 200 

M0U.FU, <). anti Lnaua, R., 3U, 3H0* 
Dnutsrh. uMni. WtaditawtOir. (1004) 
ami Thixvmm, ik, 210, 250*, 257*^^* 
ZHitralbl. f. Bakitas 20 (11) No. 
12/14; 51/17 (1008) 

M0n(*ii, 200 



450 


AUTHORS !M>RX 


Munk, F., 208 
M., 2()t 

MtlNTZ, A., 215* 

Compic'H r(‘n(l. (U‘ Facad. d. 

160, 13!)(F180r> (1910); 161, 790- 
793 (1910) 

Munzkr, E. and Lcaavy, A., 313* 
Muth, W., 112* 

Na(jkj., (1., 33* 

Ana. d. Pliysik. (4) 29, 1029-1050 
(1909) 

ITAdKU, A. K, 215, 210 
O., 278 

Nakahhima, 247 
Nathan, E. and SatdiH, H., 210 
Nathanhon, 240 
Nkihhmr, IVI., 80, 202*, 435 
IlyfddH- Uuiulacliau 13, 1201 

‘(190:)) 

and Eriod<anauii, U., 84*, 80, 203, 
203*, 205*, 283* 

M'CiiuduuT nu‘d. Wncluamclir., X<». 

11, 19 (1904) 
and (hu'rrini, 288* 

Arhh. a. d. Kj^l. IuhI, f. axjxT, 
pie, No. 4 (1908) 
and Sa(4iH, A., 207 
Nkll, P(‘t(‘r, 54* 

1) rad(‘'H Ann. 18, 323 (1905) 
Nkrnht, W., 20, 03, 122 
Nruuaurr, E. (and Porgen, (),), 87*, 

140*, Ml*, 388* 

()., 208 

NRtiBKHtJ, C., 381, 381* 

Silzg. d. 1). (dnan. v. Vi, 7 
(1904) 

2) Bincjhein. Z(4t8eln\ 1, 100 (PHIO) 

8) Knll. ZeitHchr. 2, 321, 354 (im)8) 
and Alhu, A., 218*, 219*, 233* 

Nkhfhld, 288 
N HUMAN N, A., 247* 

Z(Hiiralld. f. IdiyKitd. 21, 102 105 
and Kreidl, A., 349* 

Nldi,oHX, M., 388^ 

I/C‘H aiu'Hth^Hicj'Ucw g6n0raux (Parin, 
1908) 

Noff, 299 
Novy, J., 328 
and Vaughn, 210 


Ohkumf.vkr, Fr. and Pi«*k, E. P.» 197* 
W’innerklin. WncheiiHcdir. (IlKHij 
O’CNKNNHMt anti (Inw, ()., 305*, 372* 
OUKN, S., SO 
and ( Ihlon, 81^^^ 
and PatiH, \Vt>., 152 
Ofbrku, 17^” 

<)hi.<)N and thl(*n, 8!^” 

L. W.. 53, 53-^X 5i. 103X 103’^^^* 
Z«4ts<‘hr. f. phv'dka!. C ‘Inaiii** 60, 309- 
319 (190|-i:’70, 27S 407 |190!0 
and Hrrv.n‘4, K'. <1. 53'** 

(lKKR-Hno\n M.. 307. :il!P 

Hkandiiniv. Arein f, Phy.^dnl. 20, 102- 
111 (PHlTi 

(Ikurhka and EEftiherg, 403 
Omouvkow atid Siieha, 11. and Kill, 
190 

Onnkh, Katnnrlingli, 119 
OeeKNUFlMFU, 1 182 

Kurt, 174 

().HTKUitui n W. .1. V., 2M, 2ll^'\ 379, 
380 

M PotHfjti’jd l»n/,ettn4S, 7i3 55 
*0 .hmrn. <4 Bad. Idnan. I, 303 309 
(19001 

Httd Mieh, ,I , 244 

OHTWAt.u, W idtrr and Hi«nh4, A., 179 
\Vdht4tu, 5^X 28*, 01, U3, 17\ 259, 
202*" 

*) ZtatHehr. f. phy«ikal. < *htanii% §2, 
512 (19081 

l44»rt. d. allgem. 2, II 

(2'*’^ etlj 

Wfiirgaitg, 12, 13, 20. 00, 07**, 

TO, 7l^X 87, 1 IT' X BU, :iO!k 30ll*», 
310, 379, 379*5 380, 380*^ 

») Pliugera Arrle lOS, 5r»H f|t«l5| 
n PfiOgern Areh, 108, 503 
^ Kttll. ZetfMrhr. 2, 20|, 291 
B lull. Zeitwdir, i, 297 illOO.i 
anil Fnnmdlteh, 147^'* 
and itufmeiHfiT, 337 
Luther. lOH^X 113 
Hprengel, U3 
<)HWAi.n, A., 232L 233 

Zeit^rhr. f. l•■xper,.I*iilhilL u. 'ftii^mpie 
8, 220 (19101 
(HTFMiOHd, li., 190 
OrnmuNiuii. -iOH 
I><‘ainfekti«a$ 2, 109 



AUTHORS^ INDEX 


451 


Overton, C. E., 66*, 236, 239, 240, 241, 
242, 289*, 294, 294*, 353 

1) Pfliiger’s Arch. 92, 115 (1902) 

2) Pfliiger’s Arch. 106 , 176 (1904) 

3) Biochem. Zeutralbl. 2, 518 

*) Verh. d. Ges. D. Naturf. II, 416 
(1903) 

and Hamburger and Koeppe, 236 
and Meyer, Hans, 385, 386, 387, 
388 

Paal, C., 31, 86, 99 
Padtberg, 234 

Pane, D. and Morgenroth, J., 206*, 
206*5 

Paneth, 88 
Park, 359 

Parnos and Hill, A. V., 298 
Parodko, Th., 282 
Pasteur, L., 193 
Patin, G. and Roblin, L., 373* 

Journ. Pharm. et Chemie (6) 30 , 
481-483 
Paul, H., 222* 

Mittlgn. d. k. Bayr. Moorkulturan- 
stalt No. 2 (1908) 

Th., 366 

and Kronig, 395, 401, 402, 403 
Pauii, Wo., 67*1, g2^ gg^ 113^ 115^ 

137*1, 147, 147*^^, 148, 149*i, 151, 
152, 154, 156, 156*5, 157, 205, 293, 
343, 381*^ 410*3, 413*3 

1) (Pascheles) Pfliiger’s Arch. 67, 
225 (1897) 

2) Pfluger’s Arch. 67, 219 (1897); 71, 
1 (1898) 

3) Verb. d. Kong. f. inn. Med. 21, 
396 (1904) 

Sitzungber. d. k. Akad. d. Wiss. 113 
(1904); 116 (1906) 

^) Verh. d. 21 Kong. f. inn. Med. 

5) KoU. Zeitschr., No. 6, 1, 241 (1910) 
and Handovsky, H., 147-^^, 149*b 
151, 311 

^) Beitr. z. chem. Physiol, u. Pathol. 
9, 419 

2) Biochem. Zeitschr. 18 , 340ff. (1909) 

3) Biochem. Zeitschr. 24, 239-262 
(1910) 

and Hecker, 156, 157 
and Hirschfeld, M., 152 


Pauli and Landsteiner, 205, 205* 
and Oden, S., 152 
and Rona, 162, 162* 

Hofmeisters Beitr. z. chem. Physiol, 
u. Pathol. 2, Iff. 

and Samec, 148*, 154, 161*, 268, 268* 
Biochem. Zeitschr. 17 , 235-256 

(1909) 

Pekelharning, C. a., 286 
Pelet and Jolivet, L., 427* 

Die Theorie d. Farbesprozesses 
(Dresden, 1910) 

Pemsel (and Spiro), 152* 

Perkin, Sir Wm. Henry, 252*''^ 
Perrin, J., 9, 51, 52^^^*, 78, 79 
Pettenkoper, 352 
Pettibone and Abderhalden, 185* 
Ppaundler, M., 268 
Ppeffer, W., 57*h 221*2, 221^^ 238*2, 
286 

1) Osmot. Untersuchungen (Leipzig, 
1888) 

2 ) Pflauzenphysiol. (Leipzig, 1897)', 
Pfeffer, W. and Vries, H. ds, 239 
Pfeiffer, P. and Modelski, J. W., 156 

and Wittka, 156 
Pfluger, 341 
Philippi, E., 365* 

Philippson and Demoor, J., 298* 

Pick, A., 166, 167-^^, 362^^ 
and Auerbach, 330 
and Hofmeister, 166 
E. P. and Obermayer, Fr., 197* 

• Pickering and Plateau and Quincke, 
36 -^^ 

Pierce, G. W. and Morse, H. W., 262* 
PiNCUssOHN, L., 144*, 230, 384 
Biochem. Zeitschr. 10 , 356 (1908) 
Plateau, Quincke and Pickering, 
36-^^ and Poggendorff, 33 
PoGGENDORFF and Plateau, 33 
Ponfick, E., 333 
PONOMAREW, 279 

PORGES, O., 87, 140, 141, 196^^ 203, 
208 

and Maier, 208 

and Neubauer, E., 87*, 140*, 141*, 
388* 

1) Biochem. Zeitschr. 7, 152-177 
(1907) 

2) KoU. Zeitschr. 6, 4 (1909) 



452 


AUTHORS^ INDEX 


PORTIG, P., 365* 

Dissertation (Leipzig, 1909) 
POSNYAK, E., 116, 175 
POTTEVIN, 250 
Prescott, Samuel, 182 
Preti, 365* 

Comptes rend. d. la Soc. de Biol. 66, 
52, 224; Biochem. Zeitschr. (1909) ; 
Zeitschr. f. physiol. Chemie 58 , 
539; 60 , 317 

Pribram, B. E., 99, 102, 191*, 219*h 
221*1, 222*2, 296, 327*i 

1) KoUoidchem. Beihefte 2, 1 (1910) 

2) Wiener klin. Wochenschr. 16 
(1911) 

and Goldschmidt, 387* 
and Earschbaum, 99 
and Mayerhofer, 322* 
and Stein, E., 192 

Pringsheim, H., 57*, 105*, 135*, 260 
Jahrb. f. w. Botanik, 28, 1-38 (1895) 
and Eissler, 135 
and Stoffel, 105* 


Quagliariello, G., 412* 

Biochem. Zeitschr, 27, 516-530 

(1910) 

Quincke, G., 10, 18, 25, 35*2, 36^^ 
76*3, 78, 108^^ 137, 161, 300, 347, 
347*2, 354 

1) Poggendorff’s Annalen 139 , Iff. 
(1870) 

2) Wiedem. Ann. 36 , 590 

3) Ann. d. Phys. 1 (Appendix IV), 
85-86 (1902) 

and Plateau and Pickering, 36-^^ 


Rabl, H., 264 

Naturforschervers. Miinchen (cit. 
by Liesegang) (1899) 

Rahlmann, E., 73*1, 127 ^ 136 * 1 , 144, 
144*2 

1) Berliner klin. Wochensch., No. 8 
(1904) 

2) Miinchner med. Wochensch. 48 
(1903) 

3) Arch. f. d. ges. Physiol. 112 , 128- 
171 (1906) 

Rakowski, a., 133* 

Ramsay, Sir Wm., 54 


Ramsden, W., 34* 347* 

Arch. f. Anat. u. Physiol. (Physiol. 
Abt.) 617 (1894) 

Zeitschr. f. physikal. Chemie 47 , 336 
(1904) 

and Metcalf, 348 
Ranvier, 287 
Reich ardt, 230, 231 
Reichel, 395* 

Biochem. Zeitschr. 22, 149, 177, 
201 (1909) 

Reichenbach, H., 404, 408, 408-^^ 
Reicher, K., 247* 

Deut. med. Wochensch. 34 (2), 1529 
(1908) 

Reid, E. W., 47 
Reinders, E., 36, 238 
Kon. Akad. van Wctenschappen 
Amsterdam. Proc. 563-573 (1910) 
Reinhold, B. and Riesenfeld, E. H., 
80 

Reinke, J., 66*, 116, 116*, 116*“- 
Hansteinsbotan. Abhand. 4, 1 (1879) 
Rettger, 299 

Revello-Alves and Bencdiconti, 157 
Rhumbler, L., 283-^^, 284, 285 
Richter, A. von and Koriinyi, P. T., 
113 

0. and Kor^nyi, 315 
Richter, B. F. and Roth, W., 341 
Riecke, E., 42 

Riedel, A., and Ostwald, Walter, 179 
Riesenfeld, E. PI. and Reinhold, B., 
80* 

Zeitschr. f. physikal. Chemie 66, 
672-686 (1909) 

Riesman, 228 
Ringer, W. E., 152-f’^ 
and Adler, 379 
Ringers, 137 
Ritz, 189, 196 

and Sachs, PI. and Omarvkow, 196 
Roap, H. E. and Moore, A. R., 387* 
and Moore, B. G., 73* 

Robertson, T. B., 64*, 164, 164*, 166, 
377 

1) Journ. of Physic. Chem. 11, 542 
(1907); 12, 473 (1908) 

2) Koll. Zeitschr. 7 , 7-10 (1910) 

8) Die Physikal. Chemie d. Proteine 
(Dresden, 1911) 



AUTHORS^ INDEX 


453 


Eobin, a. and Weill, E., 371 
Eoblin, L. and Patin, G., 373* 
Eodewald, H., 66, 134, 134*^ 

Zeitschr. f. physikal. Chemie 24 , 193 . 
(1897) 

Eodolico and Filippi, 372 
Eoentgen, 18 
Eoger, 220-^^ 

Eogers, Allan, 169-^’^ 

Eogoff, J. M,, 300 
Eohde, E., 33* 

Ann. d. Phys. (4) 19 , 935 (1906) 
Eohloff and Schinja, 162 
Eohongi, 184 
Eomanowsky, 434 
Eomberg, E , 380 

Eomer and Siebert, C. and Much 144* 
Eona, P., 107*2, 108, 115* 141*1, 145 *^ 
147, 201 

and Michaclis, L , 348* 
and Michaelis, 107, 107*2, 141*S 
145*, 147, 201, 234 
and Pauli, 162, 162* 

Biochem. Zeitschr. 21 , 114-122 (1909) 
and Takahashi, D., 235* 

1 ) Biochem. Zeitschr. 30 , 99-109 
(1910) 

2 ) Biochem, Zeitschr. 31, 336-344 
(1911) 

Eondoni, P., 206, 206* 

Zeitschr. f. Immun. u. exper. The- 
rapie 7 , 515-543 (1910) 
and Sachs, H., 208 
Eontgen, W, K., 81, 144 
Eoozebom, H. W. Bakhuis, 6 
Eosenbach, F. J. and Lichtwitz, L., 
342*, 343* 

Eosenthaler, L., 183*, 188 
Biochem. Zeitschr. 26, 9 (1910) 
Eoshardt, P. a., 238* 

Beitr. z. Botan. Zentralbl. 25, Abt. I, 
243-357 (1910) 

Eoth, W. and Eichter, P. F., 341 
and Strauss, H., 323* 

Zeitschr. f. khn. Medizin 37 , No. | 
Eothe, a., 28 

Eothenftjsser, S., 174, 174*, 175, 181* 
Zeitschr. f. Unters. d. Nahrungs u. 
Genussm. 18 , 135-155 (1909); 19 , 
261-268, 465-475 (1910) 
and Mai, 174* 


Eothmund, V., 64* 

Eoth-Schultz and Kor4nyi and 
Kovesi, 340* 

Eoux, W., no, 256^^ 
and Yersin, 110 198* 

Ann. dc PInst. Pasteur 3 , 273-288 
(1889) 

Eubnbr, 265 
Euhland, 241, 242, 427 
and Hober, 242 
Eumpf, 219* 

Miinchncr med. Wochenschr., No. 9 
(1905) 

Eunge, E. F. (F. E.), 252, 253 
Eunnstrom, j. and Backmann, L., 
265, 265* 

Etjssell, H. L. and Babcock, 175* 
Eysselberghe, B. van, 243* 

Mem. de PAcad. roy. de Belg. 68 
(1899) 

Sabbatani, L., 363, 376 
Sachs, H., 196, 198 
and Altmann, 206, 208 
and Neisser, M., 207 
Omorvkow and Eitz, 196 
and Nathan, E., 210 
and Eondoni, P., 208 
W., 216 
Sackur, 164 

O. and Laqueur, 154*, 164, 1C4* 
Salkowski, 343 

Berliner klin. Wochenschr., No. 51, 
52 (1905) 

Sansum, 143, 383 
Santesson, 298* 

Skandinav. Arch. Phys. 14, 1 (1903) 
Salomon, 208 

Samec, M., 133, 135*, 148*, 154, 156 
and Pauli, 148*, 154, 161*, 268, 
268* 

Sasaki, Kumoji, 342* 

Hofmeisters Beitragc 9 , 386 (1907) 
Savar6, M., 342* 

Hofmeisters Beitrage 9 , 401; 11 , 71 
Savarese and d’Errico, 330 
ScHADE, H., 231, 260, 343, 344* 

1 ) Kell. Zeitschr. 4, 175-201 (1909) 

2 ) KulL chem. Beihefte 1, 375 (lOlOj 

3) Munchner med. Wochenschr., No. 
1 . 2 (1909) 



454 


AUTHORS^ INDEX 


ScHADE, H., Zeitschr. f. exper. Path. 

u- Therapi 8, 2-34 
Schaeffer, G. and Mayer, A., 279 
SCHANZ, 144 

SCHEITLIN, W., 310*, 311 
Dissertation (Zurich, 1909) 
SCHELLENS, W., 400 

Inaug.-Dissert. (Strassburg, 1905) 
ScHEURLEN and Spiro, 395, 401, 402 
ScHiNYA and Rohloff, 162 
Schleicher and Schull, 92, 94, 95-^^, 
96 

Schleicher, 95, 96 
Schmidt, C. G., 26* 

P., 196, 205^" 
and Lieber, 189 

Nielsen, Signe and Sigval, 34*, 189* 
Schneider, J., 81 
ScHOEP, A., 95* 

Bull, de la soc. chem. de Belg. 24, 
10 (1910) 

SCHOEF, A,, 92^^^* 

SCHONBORN, S. 329 
Schorr, K., 152, 154, 166 
SCHROEDER, P. VON, 162, 361 
Schucht and Freundlich, 25* 
and Ishizaka, 84*^ 

Schull, 95, 96 

and Schleicher, 92, 94, 95-^^, 96 
Schulz, Fr. N. and Zsigmondy, R., 143 
ScHUMBERG and Zuntz, N., 216 
Schutz, J. and Furth, H. von, 191* 
ScHUTZE, H. and Jacoby, M., 196 
Schwarz, C., 291*, 294* 

Pfluger’s Arch. 117 , 161 (1907) 
Schv^'enkenbecher, a., 324*, 345 
Arch. f. Anat. u. Physiol. 121 (1904) 
Seddig, 50 

Seyler and Hoppe, 226 
Shaklee, A.O.andMELTZER, S. J., 189* 
Am. Joum. of Physiol. 25 (1909) 
Sherman, H. G., 169-^" 

Sholto, j. and Dreyer, 28* 
and Douglas and Dreyer, 200* 
SlEBECK, R., 336 
SiEBERT, C., 144* 196 
and Romer and Much, 144* 
Siedentopf, H., 76*1, 122, 123^’^^* 
126"^S 127 

KoU. Zeitschr. 6 , No. 1 (1910) 
and Zsigmondy, R., 6, 75 


Signe and Schmidt-Nielsen, Sigval, 
34* 189* 

Sjoquist, 152* 

Skwirsky and Michaelis, 206 
Smoluchowski, M. von, 50, 51 
Smits, a. and Krafft, F., 45, 46 
SOBIERANSKI, 411 
SOHNGEN, 181 
Sellman, Torald, 337 
Sorensen and Jurgsen, 143* 
Southard and Gay, 377 
Spiro, K., 67* 

Hofmeisters Beitr. z. chem. PhysioL 
6, 276 (1904) 
and Bruno, J., 401*, 403* 

Arch. f. exper. Pharmak., 41 
and Ellenger, 299 
and Pemsel, 152* 

Zeitschr. f. physiol. Chemie 26 , 233 
(1898) 

and Scheurlen, 395, 401, 402 
Sprengel (-Ostwald), 113 
Stahl, E., 287 
and de Bary, 286 

Starling, E. H., 47, 332, 335, 

336* 

Steche and Wacntig, 184 
Stepan, 146 

Stephan and Graham, 54 
Stein, E. and Pribram, 192 
Steiner, H., 28 
Stern and Battelli, 386 
Stiles, P. G. and Harlow, 189* 

Stodel, G., 365*, 371, 371-^" 

Les Coll, en Biol, et cn Ther. Th^so 
(Paris, 1908) 

Stoeltzner, W. and Dekhuysen, C., 
420 

Stopped, F., 55*, 74, 172*, 262 
Inaug.-Diss. (Zurich, 1908) 

G., 361*, 362* 
and Pringsheim, 105* 

Stohr, 291^^^* 

Strassburg and Ewald, R., 226 
Strassburger, E., 238 
Straub, W., 360*, 361* 

Pfiuger’s Arch. 98 , 5/6 
and Freundlich, 243 
Strauch, F. W. and Abderhalden, 
187 



AUTHORS^ INDILX 


455 


Straitbr, E., 150 

IL, 320*', 320, 320*^ 330, 341, 345 
') ZoitHchr. f. klin. Med. 67, No. | 

2) m Koninyi and Rieht('r 2, lU) 
and Roth, W., 323* 

Stumitmann and KiscHi'Ut, M. 11., 200 
Stiimff, 301 

SvFi>nKU(5, Th., 4, 5, 7, 0, 10, IS, 50, 
51, 53, 305*^^' 

KolL Z(HiHehr. 4, 100 (1000); 6, 3lH 
( 1000 ) 

Sykkk, a. atid FiHeher, M. M., 334 
BzDch, J., 3H2 

TA(aiAXT, l\, 231, 232 
Taknzku and Unua, F. (h, 434 
Tait, J„ 307^« 

Takahashi, D. an<l Rona, P., 235* 
Tama K A, 342* 

Areh, f. ('xper. Pathol, u. Phannek. 
69, I (iOOS) 

Tamm AN, (1., 57* 

WuHhan. Ann. 34, 200 (ISSK); 

Zcatnehr. f. physikal. (Oiemit* 10 , 
2551T. (IH02) 

TAN(a,, E., IS*, 200 

in ( )ppeti]u*hn(‘r.‘4 llaudhueh d. Bin- 
ehemie 3, II, p. 20 
TAanKiNHH, 303 

TKA(iifF, O, and Buxton, B. IP, 84*^ 
430*’^ 

0 Journ.nf<*xp<‘r, M(‘d.9, Nn.3(l007) 
Ztatselir. f. phyaikal, (1aanit‘ 60, 
400 500 (1 007); 02, 287 307 (1 008} 
(and Fi(4d), 205* 

Thom AH, A. \V., 3 
Hayward, (I., 228 
TnoMeHON, d’Arcy W., 281''"^* 
and Walti, 302 
Tikuikhy, 303 
HhnKiiHTKDT, R. A. A., 203 
TiiANHLATt>H, 3, P2, 20, 33, 40, U, 42, 
48, 54, 71, 80, 08. 100, PJO, 122, 
137, l 145, 100, 175, 188, HK), 
105^», 100, 210, 210^", 21 P", 

22(P'*, 228, 230. 232, 232^", 234, 
247, 252, 201, 270, 2Sp'‘, 287, 
208B, 2!H), 3CM), 308, 310, 323, 324, 
325, 335, 330, 33K, 330, 350, 351, 
354, 350, 301, 305, 371, 377, 378, 
370, :f83, 388, 404' '405, 41)0, 435 


TuAunK, J., 108, 100, 103, 21 1, 230*' 
23(*/'*, 385* ■'■», 380 
Areli. f. Anal , n. Physiol. 87 (1807) 
PauM:<Ts Areh. 106, ‘ 541 55S; 550- 
572 (1004) 

and (V/ap(‘k, F., 240, 380 
and Kohha-, F., 103, 427‘^^* 

Mnriti',, 57* 

Tkom-msdorf, IL and Hahn, 200 

O'ldlNnr.K, A., 215 

O'uuK and KahlenlxTK, 382 

OVx'Boi, 208 

Tyndall, 111), 125 

UuLKNKirTip B. D., 257* 

Uin.uiz and LaudsteiiuT, 145* 

Rnna, P. (P, 301 304*' 

') Medi/jn, R(*v. 1, No, 2 4 
“) M<‘<li/.in. Rev. Kliuik, No. 42, 43 
(1007) 

Areh. f. mikrosk, Anat. (Wahh'ytT 
IA‘.stsehr,) 78 (1011) 
and Fhrlh'h, 424 
and <?olod(4'/, P., 103, 434 
and 'PaetizcM', 434 

Van Slykn, Donald, 210«^^ 310, 311 
VanV Hoff, J. IP, 43 
VAtanrAN and Now, 210 
Vi-;<n-;sA(‘iv, IP von, 73*, 100, 100* 
VnuNoN, 240 
Verwtjrn, 388 
VoF.i.T'A, 310*, 317, 318 
Ar<‘h. f. (L Phy.sikcd. 102, 373* 
414 

VooTaud Klose, 352 
Vonrr, J., 300, .373, 374 
VoKJTLAXnF.U, 100 
Volk. 200, 201 

and iMHenlaa-g, 2CM), 200*, 203 
and PamlHteiurr ainl Fiseiiherj^, 
201 

VOLKMANN, A. W.. 218* 

Her. (P KkP saehs, p,fH, d, Wissenwh. 
(1874) 

VoatANOKU and HXhf.hi4’:, hP" 

Vhikh, ip dr inal Pl'rfTer, W., 231) 

WAHNTniantl STKotn*:, 184 
Waunku and Det<*rmryrr, 313* 
Walofn, P., 57* 



456 


AUTHORS INDEX 


Waldenbekg and Hober, A., 295* 
Wallace, G. B. and Cushing, A. R., 
319* 

Wallerstein, 180 
Walti and Thompson, 362 
Warburg and Wiesel, 386 
Wasielewski, Th. v., 418 
Wasserman, 194, 196-^^ 206, 207, 208 
Webster, R. W., 289 
Univ. of Chicago Publ. 10 (Dec., 
1902) 

Wee VERS, Th., 234 
Wegelin, G., 4 
Weigert, 434 
Weil, R., 210 
Weill, E. and Achard, 371 
and Robin, A., 371 
Weimarn, P. P. von, 71, 73 
Weissmann, 375^” 

Weleck, St. and Landsteiner, K., 200 
Welter, 250 

Widal, Fernand, 202-^", 339 
and Gruber, 202 -''” 

WiDMARK, E. M., 222* 292* 
Skandinav. Arch. f. Physiol. 23 , 421- 
430 (1910); 24 , 13-22 (1910); 24 , 
339-344 (1911) 

Wiedemann, E. and Ludeking, Chas., 
134*, 137* 

Wiedemann’s Annalen 26 , 433 
G., 78 

Wiegner, G., 346, 348, 349* , 

Wiesel and Warburg, 386 
Wilke, 119 

Wilke-Dorfurt and Zsigmondy and 
Galecki, 98 

Williams, Mattieu, 169^” 

WiNKEL, R., 123 
Winkelbeech, 35* 

Winter, 329 

WiSLicENUS, H., 110, 112*“-, 169*, 
248*, 249, 250, 258*h 258^^^* 

^) Papier-Ztg. 16 (1910) 

^) Tharandter forst. Jahrt. 60, 313- 
358 

3) KoU. Zeitschr. 6 , 17, 87 (1910) 
and Muth, W., 112 * 

Collegium No. 255, 256 (1907) 


Wistinghausen, 63 
Witte, 35 

WiTTKA and Pfeiffer, 156 
Wohler, L., 73* 

Woodyatt, R. T., 228, 228-^^ 
and Fischer, M. H., 335 
Wright, 288 


Yamanouchi and Lavaditi, 208 
Yersin and Roux, 110, 198* 

Young, W. J. and Harden, A., 191* 

Zangger, H., 55, 56, 63, 109, 172, 173, 
173*2, 196^^^ 

1 ) Ergebnisse d. Physiol. VII (1908) 

2 ) Schweizer. Arch. f. Tierheilkunde 
6 (1908) 

Zeiss, Carl, 120 

Ziegler, J., 10, 34, 73, 106, 115*2, 
138*2, 147-^^ 148*3 

and Bechhold, H., 10*, 35, 54*2, 55 ^ 
55*2, 73 ^ 106, 138*2, 147•^^ 

148*3, 162*2, 238*h 243, 244, 260*i, 
269*3, 319^ 320*2, 327, 329, 343, 
378*3, 380, 403*2 
Kurt, 231 

Zillessen, H. and Araki, F., 226 
Zlobicici, 135*, 137* 

Bull, de I’Acad. de Science de Cracor 
488 (1906) 

Zott, 63 

Zsigmondy, R., 5*, 6 , 10, 41, 48-^^, 49, 

49/n 73*2^ 75^ 75*2^ 77^ 33^ 35^ 92 * 3 ^ 

93^’^^*, 98, 99, 122, 125, 143, 342 

1 ) Liebig’s Ann. 301, 39 (1898) 

2 ) Z. Erkenntris d. Koll. (Jena, 1905) 

3) Koll. Zeitschr. 8 , 123 (1911) 
and Schulz, Fr. N., 143 

and Siedentopf, 6 , 75 
Wilke-Dorftirt and Galecki, 98 
Alexander’s translation, 247 
ZuNTZ, N., 216 
and Schumberg, 216 
ZuNz, E. and Jacqud, L., 199* 

Edgar, 86 , 89^^ 167*i, 205, 363 
Bull, de la Soc. de Sc. m4d. et nat. 
de BruxeUes 67, 178-179 (1909) 



HXTH,n<]C'T TN1)X:X 


Ahrhi, 201 

Ahsorptioiit, 31 (> 
nlinu'uiary, 317 
of exudates, 323 
of fa, is, 247 

influoiua^ of protective colloida on, 
247 

isiechaiUHiii of, 320, 322 
pareoteral, 323 
pca'cutaneoiiH, 321 
of water and crystalloids, 31H 
Actdic utMd, 422 
Acids, as (ixativ(‘H, 421 
Acid, })oiH(auiip: with, 301 310 
Adjt‘c( ivi' dyi‘ing, 430 
Adsorption, 10, 21, 22, S4, 100 
ahnonnal, 27 
afriniUv(‘ eurv(‘s, 25 
apparatus, 112 

arMtadouM aedd in iron hydroxid 27 
chanfji;<* indticed by, lOO 
deiergtaits, 2S 

det(‘nninntiou of cdi^dric charge^ by, 
112 

and diHinfi'ctant. action, 30H, 300, 400 
of dy<‘H, 25 
dyedng, 27 

e(Te<d of on nuanbrant^H (nia* Fro- 
teiiiH), 5H 
of (awAan«‘H, IH5 
tajuilibriuni, 27 III 
gas exchange, 300 

inthaao’e of, in hemoghdnn, 305, 3(Mi 
graphic of, 24 

in ndcroHcopie staining, 425 
and itnnmnity naietions, I OH 
inlltaaice of eheinieal eomjKmition, 
27 i t WY/. 
nas'hanicai, 20 
of nan*c3icH, 3K0 
ntwdiv(% 03 24 
uegativ(\ Kimnlntion of, 27 
pharmneologiejd , 303 
rcwcwible, 100 


A<lsorptii>n, saturation, 20 
H(4eetiv(‘, 32 
Hpecilie, I OS 
by siareluss, 135 
thca’apy, 353, d ny, 
by ultraiiltca’s, 101 
atid urin(‘ s(aa‘(4 ion, 337 
Age, influ(ai(a‘ of, 55 

inthuan’e of, on mead, 100 ti nrq. 
Agglutinin, lOl, 105,201,202 
Albumins, MO 
acid, 152 
alkali, 153 
umphoterie, 154 
(•oetraatad of dilTusiem of, I hi 
<4ia‘lroly{t‘ frta\ 147, I5t» 
inthuau'e of inorganie* hydrosols on, 
150 

Albumin, in milk, 340 
ns sols, 147 
Albuminoids, 101 
Albtimoses, 100 
Aleolml, as fixative, 423 
efiVet on colloids after ingestion, 300 
Alcoholism, 324, 325 
Aluminium, 3S2, 3S3 
Amboecp((a\ 105 200, 201, 2tm 
Amt‘ba, pbagoeytoHiH by, 2H5 
migration ed, 2H4 
Am*stheties, 3S5 
Anaphylaloxin, 200 
Anaphylaxis, 200 
and laaivy niidals, 3S2 
Anion and cation initmaiee, ta!4e, 207 
purgative ticfhm of, 4 12 
AutngemiHm of diuretics and imreidics» 
111 

Antagonism of ions, H2 
of salts physiedogie’id, 370 
Aidihodi<‘s, 105 107 
Anti-en'/vm(‘H, 101 

antigens and iininunt* snimtanre, 205 

Antigens, 100 
Antitoxins, 10 1, 105 
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Anthrax, disinfectant action on, 396, 
397 

inhibition of, growth of, 407, 408 
Artefacts, 264 
Assimilation, 245 
Astringents, 414 
action of, 383 
Avogadro^s law, 43 

Bacterial staining, 435 
Balneology, 414 
Beer, 179 

cloudiness of, 180 
fermentation of, 181 
protective colloids of, 181 
Bfle, 330 
Bio-colloids, 129 

Biological determination of adsorption 
in disinfective, 399 
Blood, 299 
reaction of, 301 
corpuscles, 204, 244 
corpuscles, 303 

corpuscles, composition of, 304 
corpuscles, influence on viscosity, 
314-315 

corpuscles, hemol 3 ''sis (see also 
Wasserman reaction), 244 
corpuscles, osmotic pressure of, 304 
corpuscles, structure of, 305 
Blotting paper, disinfectant testing 
with, 408 
Boyle’s law, 51 
Bread, 177 

action of hemaglobin in, 308 et seq. 
gluten restoration of, 177 
staleness of, 178 
war, 178 

Bromin, therapeutic action of, 381 
Bronchial glands, 328 
Brownian Zsigmondy movement, 40- 
53 

Bubble method, of examining milk, 173 
Buffer substances of blood, 300 
Butter, 175-346 

Calcium, action of, 298A, 379-381 
compounds, colloidal preparations of, 
381 

condition of, in serum, 302 
ion, influence on phagocytosis, 287 


Calcium, phosphate, condition of, in 
milk, 349 

utilization, 325, 361 
Calculi, urinary, 343 
Carbohydrates, 133 
Carrel-Dakin disinfection, 405 
Casein, 163, 348 
Cations as diuretics, 409 
Casts, urinary, 344 

Carbon dioxid, influence of, on urine 
excretion, 333 

solubility in blood, 309, 310 
Catalysers, 31, 183 
Catalysis, 81 
CeU, 276 

membrane, 279 et seq. 
structure of, 276 
cerebrospinal fluid, 354 
Cheese, 176 

Chemical attraction of precipitates, 
260 

Chemical combination, 19, 22 
determination of adsorption in dis- 
infection, 398 
theory of dyeing, 425, 426 
Chemotaxis, 286 

Chloroform poisoning, delayed, 389 
distribution of, in disinfection, 398 
Cholesterin, 87, 140, 141 
Chromic acid, 421 

Circulation, of crystalloids, 235, 238 
colloids, 239 
of gases, 235 
of material, 235 

of water (see also swelling), 236 et seq. 
Clotting of blood, 300 
Cloudy swelling, 228 
Coagulation, 82, 114, 142, 149 
of blood, effect of gelatin on, 365 
chemical, 143, 149 
fractional, 82 
by freezing, 144 
by heat, 142, 151 
irreversible, 143 
by light, 144 
Co-enzymes, 191 
Collagen, 161 

Colloidal protection, in milk, 349 
in urine, 343 
Colloids, aging of, 72, 74 
artificial, 5 
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Colloiilrt, frystallixation of, 71 
color t>f, 5, 7 
(‘(awinttaicy of, tl4 
(loath of, 7.*i 
ch^hutioa of, .*i 

(lyoanuc halaiu'c* in (jrKiooHm, 3t)S 

oloc‘troiyic'H, -H) 

ol(H‘tTical projHaiioH of, 77 

oh»ctri(’al product ion of, 4 

hydratt*, Hd 

hydrophil(% 9 

hydroph(»h(*, \) 

inii|M»‘tan(“(* in body, rid ri m/. 
itdmvonouH action of, ddo 
life nirv(» (4, 72 t t st q. 
inocdianical proditcfion of, I 
migration of, K4, Sd 
optical proper! of, 7d 
part icl(‘ 7 

pljannuc(*u(ical action (»f, 2(12 
protcctiv(‘, 7, U, Utl, 77, S(l, IHl, 202, 
2(12 

protcctivts iti ta*in<\ 2 t2 
Colloid Hvvt'lling and urim' Ht»(*rction, 
222 , 22(1 

mvedling, and (npiilihrium, 211 
Collcndnl proper! icH (jf dye inixturcH, 
120 

antimony, 277 

ar}4(*ni(*, 277 

mercury, 270 

plawphorttH, 277 

m(*t{dH, tlu’raiMHitic \m^ of, 205 

Hilv(*r, 2(1(1 

ailvia, dtH(ril>uti(m of, 272 
wilver, elTcct on blood, 271 
ail via*, efIVet on temperature, 272 
Kilvtn*, th(»ra|HMiticH of, 27-1 
ttilver, in lutVctionH, 27(1 
Hilver, in pnmnnonm, 275 
wilver, in wonndH, .*1(1(1 
Hilver, pro(eelf%a» (‘ollcadH for, 2(K1 
Htil|dmr, 27(1 

«w(4ling Hta((» <»f tiHHue.M, 415 
Com|»Iement df^viation m* ti\ntion (nee 
hIho' Wama'inann r«»aettonj, 104, 
2011, 207, 20S 

Complenamt, IHO, IllH, 2CM1, 2(H1 
Omc(*ittralic»n, by idwaption, 27 
eonpl(»K, 112 

<kmdnt*tion by nerves, 254 


( •<i(l|H*rati<ni (»f drugn, 201 
(’ream, 175, 24(1 
artifieiai, 175 
.'^opfnsticat ion of, 175 
(h-itieal nanotit* (‘onecait ration, 2H5 
C'ry<»s(*opy, 241 
C'ry.stalH, forec^ prodiieiug, 17 

Dehydrating action of purgativc'H, 414 
Dtdiydration of food, Hip 
Deveh^pnaait, 252 
Diabi'teH insipidtw, 211 
Dialy.HiH, eollodin nae, 01 
methods, SO r( .s((/. 

Diaphragms, eharg(M>f, 78 
Diarrlani, 221, 222 
tr(*a(m(*nt of, 204 
DitTnsion, 102 i7 srq. 
apparatus, 105, HMl 
eo(‘(heient of, 45, 52, UK) 
inlhaauM' of mlsorption upon, 55 
intlman’i* of substanet's (»n, 55 
in jelli(‘H, 51 
rt4ation to dyeing, 42H 
(jf prof inn, 140 

Digestibility of milk, 240, 250 
Digitalis, 4 1 1 

Disinfeetants and dissoination, 402 
Disinh'etnnt action <4 ert‘Hol, 200 
action of n and DU ions, 204 
action of phtmyl group and haltigeiw, 
20 1 

actum of sulpho groups, 204 
and adH(ir|»tive ('upaeity, 204, 205, 
200, 2i»7 

action of chloroform, 20S 
actum and dilution, 20(1 
aiul d«atth, 200 
and inhibition, 200 
of sfHsatic character, 204 
salfM f»f ht*avv metals, 204 
Disinfectants, b‘Htingoi, 405, 400 
Disinfeci ion, 250 
definition <»f, 201 
of the skin, 205 
mcclianiHin of, 201 
atui permeability, 402 
and Hurfacc* Icimicm, 201 
Dispi*rscd pliasc, i.sci* lOiaHc) 5, 11, 12 
DisiMTsion, 2 
DisHimilaiitm, 245 
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Dissimilation, influence of enzymes, 250 
Dissociation and disinfection, 402 
Distribution, 20, 22, 31 et seq. 
of disinfectant, 398, 399 
of disinfectant on microorganism, 
393 

Henryks law, 20 
in toxicology, 360 
Diuretics, 409 

Diuretic action of chloral caffeine, 362 
of caffeine, 411 

of salts administered intravenously, 
410 

of theobromin, 411 
of urea, 411 
Double staining, 434 
Drugs, influence of, on kidneys, 338 
Dyeing (see Staining), 200-206, 407 

Eczema, 234 
Edema, 223 et seq., 377 
controversy concerning, 229 et seq. 
of the brain, 231, 352 
treatment of, 339 
Elastic fibers, 434 
Electric charge, enzymes, 187 
migration, 118 

migration, apparatus for study of, 
118 

Electrodes — nonpolarizable, 119 
Electro-endosmosis, 78 
Electrolyte (see also Salt) 

Electrolytes, 149 

influence of, on viscosity of gelatin, 
162 

Emulsion, definition of, 5 
Emulsions, formation of, 140 
Enzymes, 182 
adsorption analysis of, 185 
aging of, 188 
colloidal nature of, 183 
diffusion coefficient of, 190 
electric charge of, 187 
inactivation of, 189 
purification, 187 
specification of, 188 
synthesis by, 188 
ultrafiltration of, 190 
Equilibrium, 341 
emulsion, 38 
irreversible, 28 


Equilibrium, reversible, 28 

study of by ultrafiltration, 102 
Erythrocytes (see Blood corpuscles, 
volume of), 307 
Excretion, 326 
Exudate, 223 

Fatty degeneration, nature of, 377 
Fats, deposition of, 246 
resorption of, 246 
Fibrin, 160 

Flocculation, S3, 86, 117 
vs. salting out, 83, 87 
Flour, 176 
Foods, 168 

Ferric hydroxid, negative colloid, 384 
positive colloid, 384 
Ferric oxid as arsenic antidote, 385 
intravenous injection of, 384 
negative, 384 
positive, 384 
Fixatives, 420 

Fixing and hardening of tissues, 419, 
420 

Formaldehyde, distribution of, in dis- 
infection, 398 
as fixative, 423 
Freezing, 216 

Freezing-point depression, in milk, 340 
in urine, 351 

Friction internal (see Viscosity), 64 

Gas exchange (see Respiration) 

Gastric juice, 329 
Gay-Lussac’s Law, 51 
Gel, definition of, 4, 8 
elastic, 66 

freezing and thawing of, 66 
Gelatin, 161 

Gelatinization, 161 seq. 

time of for agar, 138 
Gibbs’ Theorem, 25 
Glaciation, 216 
Gland, 326 
Glaucoma, 227 
Globulins, 158 
artificial, 159 
Gold figure, 85 
Glycogen, staining of, 433 
Golgi’s stain, mechanism of, 431 
Gout, 148 
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Gramms stain, 30, 435 
Growth, 252 

biologi(5al, wit h shrinking, 205 
Growth of plants, 2t)7 
influence of chemi(uil reaction, 207 

Hardening, histologhnil, 42‘1 
Heavy metals and sails of, 157 
Ihnivy metals, jis .* cativ('s, 421 
Heavy metal specdfieity, 383 
Hernatin, 105 
Hemoglobin, 104 

fumdion of, 300 (see also Blood 
corpusel(‘s, r(‘S} )ira,t ion) 
syntheti(^ 385 
Hemolysis, 305, 300 
induced by colloids, 371 
Hemolysins, 100, 200 
Honey, 170 

H ion concent ration in blood, 302 
influ(‘nc(^ upon e.ireulation, 314 
influence upon ('rythro(yt(‘s, 312 
influence of (H)^ upon, 311 
Histone, 100 
Hydnania, 311 
Hydrosol, 11 

Immune substama's, 201 
Immunity naictions (s(‘e also Precipi- 
tin), 103 vt Hcq, 

Inactivation, by shaking, 34 
Inflammation, 232 
Inhibition, 354 

zoiu'H or irr(‘gular series, 84, 1 18, 140 
Instant vahi(;s, 51 
lnt(a-f(a*om(‘t(a’, 120 
Interface (sea* Surface) 
lnt(^rfac(‘, M 
Internal friction, 1 13 
of albumin, 152 
of globulin, 150 
of gums, 137 

Intestinal inflaitunation, 322. 

InU^stinal scaaadlon, 330 
Inulin, 133, 210 

lodin, therapeuti(i a(dion of, 380 
Iron, astringemt action, 383 
as arsenic ant idote*, 384 
aedion of colloidal, 383 
colloidal pn^parations, value of, 383, 
384 


Iron, mechanism in hemostasis, 384 
intravenous injeedion of, iiS4 
oral administration of, 384 
[)hanna(a)logi(ad action of, 383 
Irn^gukir s(‘ries, 157, 203 
Irritalnlity of nerves, 353 
Iso(‘le(d.ri(^ zom*, 77, 84, 101 
point for casein, 104 
hemogl()l)in, 105 

Jellk's, stnudure of, 9 

Keratins, 103 
Kimd ie. tlieory, 50 

Lanolin, composit ion of, 410 
prop(*rti(‘s of, 4 10 
Lay<‘r(al strind-ures, 201 vl svq. 

Lecithin, 87, 13<), 140 
pna-ipitat ion of magm^sium salts, 388 
Li(*s(‘ga,ng’s rings, 203 
Lipoids, (l(*rmit ion of, 139 
react ion wit h narcotics, 389 
staining of, 433 

Lo(‘al a,nestheti(^s, mc'cluunsm of, 389 
lymph, 303 
Lyotropic* s(*ru‘s, 1 10 
Lyotropism, dt'Onit ion, 81 

Maceration for mie.roseo])ie st.udy, 419 
Magnesium sulphate, purgative action 
of, 413 

Margariiu*, 175 
Mass stairnug, 431 
M(iat, 109 
ladling, 172 
cold storage*, 109 
prt‘H(n’ving, 172 
Mciostagmin n'act ion, 211 
Mdting t(*miH‘rat ur(*, 114, 138, lOi 
Memhnuu^ d(‘finition of, 5t> 
formation of, 50 
growth, 57 
mdf r(‘guln.tion, 58 
Hemip(‘nneahl{*, 57, 230 
and (‘ryst alloids, 58 
equilibria, 59 
hydrolysis, 59 

and substance's int4*rchangci, 239 
Meinbran(‘s, mllm'nec* on substance m- 
terehang(‘, 239 
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ranes and electrolytes, 59 
ric chlorid poisoning, 143 
ry poisoning, 383 
3, as disinfectant, 400 
Qorphosis, 252 

Organisms, influence of suspen- 

ons on growth, 393 

scopic technic, 417 

adulteration of, 174 

Dids of, 174, 349 

lensed, 174 

s and woman^s, 349, 351 
d, 351 

1 accessories of McCollum, 351 
zing point depression of, 351 
logenized, 346, 348 
and boiled, 350 
ace pellicles in, 346 
L formation in, 350 
afiltration of, 350 
amicroscopy of, 349 
osity of, 173, 348 
ing of, 174 
mination of, 173 
afiltration of, 174 
lule, 42 

lular, movement, 50 
ght, 42 et seq. 
mts, 431, 434 
ment of organisms, 282 
in, 160 

IS and mucoids, 165 

Le, 289 et seq. 

uence of Ca on, 298a 

[es, influence of drugs on, 298a 

uence of lactic acid on, 298 

itric phenomena of, 294 

gue, 291 

ction, 292, 296, 298 
uence of electrolytes on, 294 
uence of phosphates on, 298a 
rking model of, 296 

)sis, distribution of narcotic, 388 
I oxygen absorption, 388 
1 respiration, 388 
1 change in turgor, 387 
Dtics, 385 

ion and electric conductivity, 386 
ion and inhibition of hemolysis, 
J86 


Narcotics, action of, on permeation of 
electrolytes, 389 

effect of, on plasma pellicle, 389 
lipoid solution theory, 385 
Meyer-Overton theory, 385 
Narcotics, toxic action of, 390 
and disturbance of oxidation, 390 
action on catalase, 390 
Narcotic action and inhibition of fer- 
ment action, 386 
and inhibition of oxidation, 386 
action and lipoid solubility, 386 
action of magnesium salts, 386, 388 
action and protein precipitation, 386 
action and plasma pellicle, 386 
action and surface tension, 386 
Nephelometer, 120 
Nephritis, 338 
Nerves, 352 
Neurobio taxis, 261 
Neutral salts toxic action, 379 
Nucleins, 160 
Nucleoalbumins, 163 
Nucleus, 267, 279 
staining of, 433 

Organism, circulation of, 23 
as colloid, 213 
Optical methods, 119 
rotation, 156 
Osmic acid, 421 

Osmotic compensation method, appifeCi 
to milk, 348 
growths, 250 

pressure, measurement of, 43, 51, 10 1 
instruments, 106 
compensation method, 107 
measurements of starches, 135 
Ossification, 268 
theories of, 269 

Oxygen and air as disinfectants, 399 

Pancreatic juice, 330 
Parthenogenesis, 245 
Particle size (see also Proteins), 41 
Pellicle, plasma, nature of, 240 et seq. 

of blood corpuscles, 301 
Peptisation, 84 

Permeability, of cell membrane, 242, 
243 

chemical regulation of, 244 
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Permeability, lethal change of, 245 
photo regulation of, 245 
selective, 63 
Peptones, 166 

Phagocytosis, 285, 287 et seq, 
induced by colloidal silver, 372 
influence of cation, 287 
Phase, definition of, 5 
influence of serum, 288 
Phenol, distribution of, in disinfection, 
398 

Photodromy,* 76 
Picric acid, 422 
after vital staining, 422 
Plasma, 299 

Plasma pellicle, effect of narcotics on, 
389 

Plasmolysis, of aspergillus cells (see 
also Hemolysis), 241, 243 
Poisons, 360 

Powders, therapeutic effect of, 364 
Precipitation, 80 et seq.f 157 (see also 
Coagulation) 
by alcohol, 152 
influence of electrolytes, 163 
irreversible, 87 
of gelatin, 162 
zones, 157 

Precipitin reaction, 56 

(see also Immunity reaction, 201, 202) 
Pro-enzymes, 191 
Protamine, 160 
Protection, preferential, 371 
Protective ferment, 210 
Proteins, 142 

adsorption phenomena, 145 et seq, 
crystallization of, 144 
ultrafiltration of, 146 
ultramicroscopic studies of, 144 
Proteoses, 167 
Protoplasm, 277 et seq, 
death of, 279 
staining of, 433 

Pulsation, influence of, on secretion, 
327, 332 
Purgatives, 409 
mechanism of, 412 
Pyrosol, 11 

Radioactivity, therapeutic action, 415 
Radioactive substances, 87 


Regulation, automatic of cell metab- 
olism, 244 

Respiration (see Gas exchange) 
Rhythmic phenomena, 263 
Ricin, 204 
Rigor Mortis, 291 

Saccharo-colloids, 133 
Saliva, 328 

Salts, concentration of in intestines, 412 
Salt, distribution of, 233 
Salting out, 80 
Saponin, 34 
Salts as fixative, 422 
therapeutic and toxic action of, 378 
Salves, mechanism of, 416 
Secretion, 315 et seq. 

Section staining, 431 

Separation, by shaking out the foam, 35 

Serum, content of globulin, 159 

influence of on solubility of salts, 302 
surface tension of, 303 
Shrinlcing, 65 

Silicic acid jelly, size of pores, 10 
Silk threads, disinfectant testing with, 
406 

Silver nitrate, disinfectant action of, 
396 

Size, therapeutic, use of, 365 
Skin disinfection, 404 
Soap as a disinfectant, 404 
Sol, definition of, 3 
Solidification temperature, 114, 161 
Solubility, influence of gelatin on, 161 
selective, 63 

Solutions, homogeneous, 6, 19 
Specific action of disinfectants, 401, 402 
Specific chemical action of disinfectant, 
401 

Spongin, 163 
Staining, 424 
bacterial, 435 
double, 434 
method of, 431 et seq, 
technic of, 431 
theory of, 424 et seq. 

Starch, 133 
agar, 136 
cellulose, 138 
crystallizable, 135 
glucosides, 136 
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Starch, granules, relation to mineral 
content, 134 
gums, 13G 
soluble, 134 
paste, 134, 135 
molecule, size of, 135 
Structures, genesis of, 259 
osmotic, 253 et svq. 

Surface, development of, 13 
phenomena of, H 
pellicles, in milk, 34() 
tension, 2(S7 

tension, and disinfect ioti, 391 
tension, measurement of, lOS 
tension, and muscular action, 296 
tension, l)y ultrafiltration, 16 
Surfa(‘,c tension, 14, 81 
in common things, 34 
skins, 33 
of solids, 18 
in stains, 34 
in milk, 173 

Suspension, definition of, 5 
Sweat glands, 345 
Swelling, 65, 169, 173 

influence ( i (4(‘c(rolytes orV) 67 vt 

222 

and intestinal absorption, 320 
of gelatin, 161 
of organs, 217 
measurennents of, 114 
pressure, 66, 1 15 
range, 217, 210 
ratio, 217 

Threshold “electrolyte,*^ 83, IIH 
Tissue behavior with dy(^s and fixfir 
tives, 433 

growth in vitro, 24G 
Tropisrns, 283 
Toxin-antitoxin, 31 
Tropisrns, explanation of, 28»3 
Turgor and irritability, 387 
Tyndall phenomenon, 75 

XJltracentrifugation, 6, 42 
Ultrafilter, theory of dyeing, 427 
theory of plasma pellicle, 241 
Ultrafiltration, 6, 10, 42, 58 
absorption in, 101 
applications of, 102 


Ultrafilfratitm, gauginic «fi Wl 

methods of, anti ap|iariittiH, il.'Mi m’q, 

of albumoses, Itlti 
of (‘erehrospinal fluid, 35 i 
<if enzymes, MKI 
of milk, 171 
of imdeins, I I I 
of viruses, 3!Ki 

Ultramieros(*ope, 6, 75, 122 rl m'q, 
eardioicl c'ondeimer, VJJl 
Ultrami<*r<iseopy of milk, 319 
Urea, tliirretie arti«^n of, M3 1 
iuflueiiei’ on tldTusion, 55 
Ultrafiltration, 327, 332 
of urine, 332 
Urine, eolhuds of, 342 
eonetmtratioii of, 335, 336 
eff<*et c»f drugs f>n, 33S 
frtH'zing point depo^'^-uon, 340 
glomtnnrlar sceretton ««l, 331 ri m-q. 
lurrmal, 3 12 

pathologieal exeretion of, 33H, 343 
H(‘eret.mn uf, 323, 330, 332. 336 
surfnei* trn^iun of, 3IM, 311 
thri'shold, subHlaiiers in, 336 

Viseosity, 113 
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Bommett, W. E. Motor Car Mechanism lamo, oo 

Borr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, morocco, 2 00 

ifSTaper, 0. H. Elementary Text-book of Light, Heat and Sound . . i2mo, i 00 

_ . . Heat and the Principles of Thermo-dynamics lamo, *2 00 

Draper, E. G. Navigating the Ship lamo, i 50 

Bron, R. W. Mining Formulas lamo, t 00 

Bubbel, H. High Power Gas Engines 8vo, '**5 00 


Bumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

8vo, *5 oo 

Buacan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

8vo, ''*5 00 

Bunkley, W. G. Design of Machine Elements. Two volumes. .8vo,each, 2 00 
Dunstan, A. E., and Thole, F. B. T. Textbook of Practical Chemistry. 


i2mo, 40 

Durham, H. W. Saws 8vo, 2 50 

Buthie, A. L. Decorative Glass Processes. (Westminster Series.) .8vo, *200 

Dwight, H. B. Transmission Line Formulas 8vo, "^200 

Byke,A. L. Dyke’s Automobile and Gasoline Engine Encyclopedia. 8vo, 4 00 

Dyson, S. S, Practical Testing of Raw Materials 8vo, *5 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works 8vo^ ^9 00 

Eoclea, W. H. Wireless Telegraphy and Telephony tamo, ^8 80 

Eck, J. Light, Radiation and Illumination. Trans, by Paul Hogner, 

8vo, *2 50 

Eddy, H. T. Maximum Stresses under Concentrated Loads 8vo, 1 50 

Eddy, L. C. Laboratory Manual of Alternating Curren4:s lamo, 0 50 

Edelman, P, Inventions and Patents lamo, ’’‘i $0 

Edgcumfee, K. Industrial Electrical Measuring Instruments 8vOr 5 00 

Edler, R. Switches and Switchgear. Trans, by Ph. Laubach. . .8vo ‘•‘4 00 

Eiaaler, M. The Metallurgy of Gold.. 8vo, 9 00 

— The Metallurgy of Silver 8vo, 4 00 

— The Metallurgy of Argentiferous L^'ad 8vo, 6 25 

— — A Handbook on Modem Explosives 8vo, s 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, *3 00 

Electric Light Carbons, Manufacture of 8vo, i 00 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis i2mo, 25 

Ellis, C. Hydrogenation of Oils 8vo, 7 50 

Ultraviolet Light, Its Applications in Qhemical Arts. , . . . lamo, 

(fn PriW's) 

Ellis, G. Modern Technical Drawing, 8vo, *2 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils .8vo, *4 00 

Applied Thermodynamics 8vo, *^4 %o 

- Flying Machines To-day i2mo, *t 50 

— Vapors for Heat Engines iimo, 00 

Ermen, W. F. A. Materials Used in Siring . 8vo, ^2 00 

Ikwin, M. The Universe and the Atom i2mo, *2 00 

Evans, C. A. Macadamized Roads (In Pithh,) 

Ewing, A. J. Magnetic Induction in Iron 8vo, *4 00 

Fairchild, J. F. Graphical Compass Conversion Chart and Tables , . . o 50 

Fairie, J. Notes on Lead Ores lamo, *0 50 

-“——Notes Om 



10 


D. V. U NUSTEAKl) iO:S SHOU’I' TI'IIJ'- t' \ I' lUn; 


Fairley, W., md Aadrt, Geo. J. Vtntiiatio^ of Mliti. .Scitiicp 


Series No, sU .) .............. . , . is 

Fakweather, W. C. foreigii tad Colonial Pmmt Ltwi .= . . itn, *i m 

Fanning, J. T. Hydrtnlc tnd Wattr-iupply Engino^rtii lit*** *% m% 

Fay, I, W. The Coal-tar Byes, .. *4 

Fembadh, It L. Glue and Gelittne — ...... , * j wi 

Findlay, A. The Treasures of Coal Tar 1 iwo, j « 

Firth, J, B. Practical Physical Chtmiilry, %muh 1 15 

Fisdier, 1 . The Preparation of Orianlc Compii-nii, frtm by 1 , V. 

Stanford .................. . 1 iiiw. '* t iti 

Bsh, J. C. L* Letteri.ng of Working Brindnii .. -. . > •■. » . . OMmg i m 

Fisher, H. K* C., tad Darby, W. C. Sabmartni Ciblt tmUm S© 


Fleming, J. A* The Alteraate-onrrtnt Tranaformer. Tw«i Vi.diitiir-m. itn 
VoL I. The Induction of Electric Currents. .... 

Vol, 11. The Btilliation of Induced Cuirefits . . 


— A Handbook for the Eltctrkal Laboratory ami Teiiiii.i 

Volumes iii-< 

Fleury, P. Preparation and Caei of While Ilnr Pamit 
Flynn, P. J, Flow of Water. tScItnct ieiiti Mu. ^ 
....Hydraulic Tables, CSdtnrt Strltii Mo. mj . 

Forgie, J. Shield Twaatling, . »¥«., * v 
Foster, H, A. Electrical Englneirs* Pockit-booli, |/'#i 


Pox, W. Q. Trantltion Curve*. tSeitare 8«»ie* Ho. m« » ibow, a ,j 
Fox, W., tad Tbomes, C. W. Pmctlcil Coorw in UmeMmmt li»o«> 
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Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, *450 

Gardner, H. A. Paint Researches, and Their Practical Applications, 

8vo, *5 00 

Garforth, W. E, Rules for Recovering Coal Mines after Explosions and 

Fires i2mo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear 8vo, *6 00 

Gaudard, J, Foundations. (Science Series No. 34.) idmo, o 75 

Gear, H. B., and Williams, P. F. Electric Central Station Distribution 

Systems 8vo, *3 50 

Geerligs, H. P. Cane Sugar and Its Manufacture .8vo, 00 

— —Chemical Control in Cane Sugar Factories..., 4to, 5 00 

Geikie, J. Structural and Field Geology 8vo, *^4 00 

— Mountains. Their Growth, Origin and Decay 8vo, ***4 00 

„„The Antiquity of Man in Europe 8vo, *'*3 00 

Georgi, F., and Schubert, A. Sheet Metal Working. Trans, by C. 

Salter 8vo, 3 50 

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses i2mo, ^2 00 

——Gas Lighting. (Science Series No. ixi.) i6mo, 075 

--Household Wastes. (Science Series No. 97.) i6mo, 075 

... — House Drainage. (Science Series No. 63.) i6mo, 0 75 

— Sanitary Drainage of Buildings. (Science Series No. 93.)..i6mo, 0 75 

Gerhardi, C, W. H. Electricity Meters 8vo, *7 20 

Geschwind, L. Manufacture of Alum and Sulphates. Trans, by C. 

Salter 8vo, 00 

Gibbings, A. H. Oil Fuel Equipment for Locomotives 8vo, ***2 50 

Gibbs, W. E. Lighting by Acetylene ; i2mo, *>*1 50 

Gibson, A. H. Hydraulics and Its Application 8vo, ***5 00 

— Water Hammer in Hydraulic Pipe Lines i2mo, *2 00 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, *3 50 

Gilbreth, F* B. Motion Study i2mo, "**2 00 

— Primer of Scientific Management. i2mo, 00 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements lamo, x 25 

Godfrey, E. Tables for Structural Engineers i6mo, leather, *2 50 

Golding, H. A. The Theta-Phi Diagram lymo, *2 00 

Goldschmidt, R. Alternating Current Commutator Motor 8vo, *3 00 

Goodchild, W Precious Stones. (Westminster Series.) 8vo, *20® 

Goodell, J, M. The Location, Construction and Maintenance of 

Roads.. 8vo, X 50 

Goodeve, T, M. Textbook on the Steam-engine r2mo, 2 00 

Gore, G. Electrolytic Separation of Metals. . 8vo, *3 50 

Gould, E S. Arithmetic of the Steam-engine lamo, i 00 

— -Calculus. (Science Series No. 112.) i6mo, 075 

-High Masonry Dams. (Science Series No. 22.)... i6mo, 075 

Gould, E* S. Practical Hydrostatics and Hydrostatic Formulas. (Science 
Series Ne 
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Gfatacapi L. P. A Popular Guide to Mkiefals. .8W| * j oo 

CScay, J. Electrical Ikifluence Machiaes. ^ ^ 111110, a 00 

Marine BoHer Design lanio, *f 

Oreenliill, G. Dynamics of Mechanical Flight -Svo, 5 ^^ 

Gregorius, R. Mineral Waxes. Trans, by C. Salter. unit, *3 titi 

Grierson, R. Some Modern Methods of Ventilation. ivo, *3 w 

Griffiths, A. B. A Treatise on Manures.. ijtiio, ,l 00 

Dental Metallurgy — ...... *8^^, j 

Gross, E. Hops Mm, « 

Grossman, J. Ammoma and Its Compoundi. ..... iiittOi ^5 

Gcoth, L. A. Welding and Cutting Metals by Oasts or lltetricily. 

(Westminster Series) ^ Mm, "a 

Grover, F. Modern Gas and Oil Engines... *3 

Gruner, A. Power-loom Weaving. ..... 8vo, ^3 

Grunsky, C. E. Topographic Stadia Surveying , . , . a on 

Gilldner, Hugo. Internal Combustion Engines. Trans, by 11 . IHiderictis. 

4I0, *15 m 

Gunther, C. 0 . Integration .Bvo, *1 as 

Gurdea, R. L. Traverse Tables folio, half tiiorocifi, *7 

Guy, A E. Experiments on the Flexure of Beams., Svo, *t js 


Haenig, A. Emery and Emery Industry ivo, 

Hainbach, R. Pottery Decoration. Trans, by C. Salter. ........ . iimo, 

Hale, W. J. Calculations of General Chemistry ramo, 
Hall, C, H. Chemistry of Paints and Paint Vehidw , umci, 

Hall, G. L. Elementary Theory 0# Alternate Current Working. . ivii, 
Hall, R. H. Governors and Governing Mechiniim. ............ lamo, 

HaJl, W. S. Elements of the Differential and Integral Calculus ivti, 

— Desoriptive Geometry gvt volumt and a 4m attei, 

Haller, G, F., aad Cunningham, E. T. The Toila Coil. .......... 1 imo, 

Halsey, F. A. Slide Valve Gears . „ , nmQ, 

— The Use of the Slide Rules. (Science Series Ho. 114. 1. , limo, 

— —Worm and Spiral Gearing. (Science Striei Ho, 116.) _ limo, 
Hancook, H. Textbook of Mechanics and Hythostatics . ... ito, 


Hancock, W, C. Refractory Materials. ( Metallurgy Series.) (in I Vim I 

Hardy, E. Elementary Principles of Graphic Statics nmo, 

Haring, H. Engineering Law. 


Vd. I. Law @f Contract Jvo 

Harper, J. H. Hydraulic Tables on the Flow of Water. ....... i6«§, 

Harris, S. M. Practical Topographical Surveying. 


Harrison, W. B. The Mechanics’ Tool-book. . 

Hart, J. W. External Plumbing Work..,. 

— Hints to Plumbers on Joint Wiping 
~ Principles of Hot Water Supply. . . . 

— Sanitary Plumbing and Draimnge. . . . . 

Haskins, C. H. The Galvanometer and Its Uses. ... ^ 

Hatt, J. A. H. The Colorist . 

Hausbrand, E. Drying by Means of Air and Steam. 

Wright 

— Evaporating, Condensing and Cooling Appratus. 

Wriar'Ki' 


.......... 

. . Svil, 

............ -.ivo, 

........... Mm, 

Jvo, 
.. liino, 

. . . .tqywfi laittci, 
Trans, by A. C. 

itmo, 
Tram b? A, C. 


50 
*1 n 

50 
*1 as 

SO 
*i 35 
i SO 
o 7 S 

0 n 

1 m 

*i so 

*4 00 
*» 00 

* so 

*1 S‘» 
5 «» 
*l so 
*3 so 
i so 
*« 50 

50 
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aansmann, E. Telegraph Engineering 8 vo, *3 00 

Hausner, A. Manufacture of preserved Foods and Sweetmeats. Trans. 

by A. Morris and H. Hobson 8vo, *3 50 

Eawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, =’‘2 50 

Hay, A. Continuous Current Engineering 8vo, ''''2 50 

Hayes, H, V. Public Utilities, Tlieir Cost New and Depreciation. . .8vo, *2 00 

— Public Utilities, Their Fair Present Value and Return 8vo, *2 00 

Heath, F. H. Chemistry of Photography. 8vo. (In Press.) 

H eather, H. J. S. Electrical Engineering 8vo, *3 5® 

Heaviside, O. Electromagnetic Theory. Vols. I and II. . . .8vo, each, ^ 

Vol. Ill 8vo, *1000 

Heck, R. C. H. The Steam Engine and Turbine 8vo, *3 50 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, *3 50 

VeL n. Form, Construction, and Working 8vo, *5 00 

Notes on Elementary Kinematics 8vo, boards, 00 

Graphics of Machine Forces 8vo, boards, *i 00 

Heermann, P, Dyers’ Materials, Trans, by .A C. Wright i2mo, ’’'2 50 

Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and Cotton. 8vo, *2 00 

Henrici, 0 . Skeleton Structures 8vo, i 50 

Bering, C., and Getman, F. H. Standard Tables of Electro-Chemical 

Equivalents i2mo, *2 00 

Hering, D. W. Essentials of Physics for College Students 8vo, *175 

Hering-^haw, A. Domestic Sanitation and Plumbing. Two Vols.. .8vo, *5 00 

Hering-Shaw, A. Elementary Science 8vo, 00 

Herington, C. F. Powdered Coal as Fuel 8vo, 3 00 

Herrmann, G, The Graphical Statics of Mechanism. Trans, by A. P. 

Smith i2mo, 2 00 


Herzfeld, J. Testing of Yarns and Textile Fabrics 8vo. 

(New Edition in Preparation,) 

Hildebrandt, A. Airships, Past and Present 8vo, 

Hildenbrand, B. W. Cable-Making. (Science Series No. 32),...i6mo, o 75 

Hilditch, T. P. A Concise History of Chemistry i2mo, 50 

Hill, J. W. The Purification of Public Water Supplies. New Edition. 

(In Press.) 

Interpretation of Water Analysis (In Press.) 

Hill, M. J. M. The Theory of Proportion 8vo, **"2 50 

Hillhouse, P. A. Ship Stability and Trim 8vo, 4 50 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.)..T6mc, o 75 

Statically -Indeterminate Stresses lamo, ^2. 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

i6rao, o 75 

Hoar, A. The Submarine Torpedo Boat i2mo, ""2 00 

Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

— Design of Static Transformers i2mo, *2 00 

- — — Electricity .8vo, *2 00 

-Electric Trains 8vo, ^2 50 

— -Electric Propulsion of Ships 8vo, *2 50 
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Hobart, J. F. Hard Soldering, Soft Soldering and Braiini .... .imu\ *t im» 
Hobbs, W. R. P. The Arithmetic of Electrical Mtasmtiaeala , . , , riiiin, 75 
Hoff, J. N. Paint and Varnish Facts and Formulas. t ntm, "1 

Hole, W. The Distribution of Gas. Svii, 511 

Holley, A. L. Railway Practice fiilio, b «ti 

Hopkins, N. M. Model Engines and Small Boats. .......... . i4Riti, 1 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic Elictricitf. 

(Science Series No. 71.) . tnmih u 

Horner, J. Practical Ironfounding. — .ivo, ♦.! ij:i 

Gear Cutting, in Theory and Practice. iw, *j t« 

Homiman, Roy. How to Make the Railways Pay For thi War, , . ,Mw% j 
Houghton, C. E. The Elements of Mechanics of Matiriali, . . »* .iiitio, 

Eoustoun, R. A, Studies in Light Production 1 mm, 1 uti 

Hovenden, F. Practical Mathematics for Young Englnetrs. .... s jiiio, *^1 %n 

Howe, G. Mathematics for the Practical Man......... tjiiiii, *s 

Howorth, J. Repairing and Riveting Glass, China and Kartlienwiii. 




ivii, paper* 

♦a 511 

Hoyt, W. E. 

Chemistry by Experimentation 


♦ii |ii 

Hubbard, E. 

The Utilization of Wood-waste — 

ivo* 

♦j s*i 


Hiibner, J, Bleaching and Dyeing of Vegetable and Fibroui Ktttriali. 

(Outlines of Industrial Chemistry.) ivii. *5 wi 
Hudson, 0 . F. Iron and Steel. (Outlines of Industrial Clitiifii.itry, i.Hvo, 
Humphrey, J. C. W. Metallography of Strain, i Metallurgy Se rn?i. 1 

C/ii 

Humphreys, A, C. The Business Features of Enginterlng Practire .im *1 

Hunter, A. Bridge Work. Jvo. ( In 1 


Hurst, G. H. Handbook of the Theory of Color. ivo, 

Dictionary of Chemicals and Raw Produeti. Sfo, 

— - Lubricating Oils, Fats and Greases .ivo, *$ mi 

Soaps Mm, ♦ft m 

Hurst, G. H., and Simmons, W. H. Xestile Soaps and Gils. , , . . ..Sw, j 5^1 

Hurst, H. E., and Lattey, R. T. Te%t«book of Phytici. *| tm 

Also published in three parts. 

’ Part I. Dynamioi and Heat. ♦i i$ 

Part n. Sound and Light.................,,..,....,.,,,,.,, *1 as 

Part in. Magnetism and Electricity, *1 511 


Hutchinson, R. W., Jr. Long Distance lltch-k Power Trt»i»lisl©o. 

1 3mi#i o© 

Hutchinson, R. W., Jr., and Thomat, W. A. Electricity in Miaiag ii»t, 

iin 

Hutchinson, W. B. Patents and How to Make Monty Out of Tht«. 


_ I lilt, I m 

Hutton, W. S. The Works' Manager's Handltook. ivo, i m* 
Hyde, E. W. Skew Arches. (Science Striet Mo. fs.) ........ o 75 

Hyde, F. S. Solvents, Oils, Gums, Waaes. ...................... .Ift, *» 00 

Induction Coils. (Science Series Mo. 53.).. 075 

Ingham, A. E. Gearing. A practical treatise. .Svo, |o 

Ingle, H. Manual of Agricultural Chemisti^. .. .. . Jf§ r/ft’ 
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Inness, C. H. Problems in Machine Design xsmo, *3 00 

— Air Compressors and Blowing Engines ximo, 

— Centrifugal Pumps wmo, 'L? 00 

— The Fan i2ino, *4 00 


Jacob, A,, and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series No. 6.).... i6mo, 

Jannettaz, E. Guide to the Determination of Rocks. Trans, by G. W. 


Plympton omo, 

Jehl, F. Manufacture of Carbons .8vo, 


Jennings, A. S. Commercial Paints and Painting. (Westminster Series. ) 

8vo, 

Jeimison, F. H. The Manufacture of Lake Pigments. .8vo ( In 
Jepson, G. Cams and the Principles of their Construction 8vo, 


Mechanical Drawing 8vo ijn I^repamUm,) 

Jervis-Smith, F. J. Dynamometers. .gvo, 


Jockin, W. Arithmetic of the Gold and Silversmith xzmo, 

Johnson, J. H, Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) lamo, 

Johnson, T. M. Ship Wiring and Fitting. (Installation Manuals Series.) 

i3tmo, 

Johnson, W. McA. The Metallurgy of Nickel (/n Prt.pamlitm,} 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology.... i2mo, 

Joly, J. Radioactivity and Geology iimo, 

Jones, H. C. Electrical Nature of Mtatter and Radioactivity omo, 

Nature of Solution 8vo, 

— New Era in Chemistry lamo, 

Jones, J. H. Tinplate Industry Svo, 

Jones, M. W. Testing Raw Materials Used in Paint... lamo, 

Jordan, L. C. Practical Railway Spiral lamq, leather, 

Joynson, F. H. Designing and Construction of Machine Gearing . . 8vo, 
Jiiptner, H. F. V. Siderclogy: The Science of Iron Svo, 


0 75 

X 50 
*4 00 

*’4 Q l 

*t 50 
*3 5'J 

*X 00 
*^0 75 

*0 75 


2 60 
00 

*2 00 
*3 50 
*2 00 
*^3 00 
*2 50 
SO 

2 00 
*S 00 


Kapp, G. Alternate Currmt Machinery. (Science Series No. 96.) 

^ ^ ^ • i6mo, 

Rapper, F. Overhead Transmission Lines 

Keim, A, W, Prevention of Dampness in Buildings gvo, 

ReHer, S. S. Matihematics for Engineering Students, i amo, half leather. 

““ ""“’and Rnox, W. E. Analytical Geometry and Calculus. 

Ralsey, W, R. Continuous-current Dynamos and Motors. ....... .Svo, 

Ramble, W. T., and Underhill, C. R. The Periodic Law and the Hydrogen 

Spectrum paper, 

Remp, J. F. Handbook of Rocks , gv©^ 

Rennedy, A. B. W., and Thurston, R. H. Rinematics of Machinery* 

(Science Series No. 54. ) _ i6mo, 

Rennedy, A. B. W,, Unwin, W. C., and Idell, F. E, Compressed Air.* 
(Science Series No. igmo, 


0 75 
’^‘4 00 
*3 50 

*3 00 
*3 SO 

*0 50 
50 

o 75 

o 75 
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Kennedy, R. Electrical Installations. Five Volumes 4to, 

Sin^e Volumes each, 

Flying Machines; Practice and Design 1 21110, 

Principles of Aeroplane Construction 8vo, 

Kennefly, A. E. Electro-dynamic Madiinery 8vo, 

Kent, W. Strenth of Materials. (Science Series No. 41.) i6mo, 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, 

Electrometallurgy. (Westminster Series.) 8vo, 

The Electric Furnace in Iron and Steel Production i2mo, 

Electro- Thermal Methods of Iron and Steel Production. .. .8vo, 

Kmzbrunner, C. Alternate Current Windings 8vo, 

Continuous Current Armatures 8vo, 

Testing of Alternating Current Machines 8vo, 


Kinzer, H., and Walter, K, Theory and Practice of Damask Weaving, 


8vo, 

Kirkaldy, A.. W., and Evans, A. D. History and Economics of 


Transport 8vo, 

Kirkaldy, W. G. David Kirkaldy’s System of Mechanical Testing. .4to, 

Kirkbride, J. Engraving <pr Illustration 8vo, 

Kirkwood, J. P. Filtration of River Waters 4to, 

Kirschke, A. Gas and Oil Engines izmo, 

Klein, J. F. Design of a High-speed Steam-engine 8vo, 

Physical Significance of Entropy 8vo, 

Klingenberg, G. Large Electric Power Stations . . .4to, 


Knight, R.-Adm. A. M. Modem Seamanship 8vo, 

Pocket Edition izmo, fabrikoid, 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo. 

Knox, G. D. Spirit of the Soil i2mo, 

Knox, J. Physico-Chemical Calculations izmo* 

Fixation of Atmospheric Nitrogen, (Chemical Monographs.) . izmo^ 

Koester, F. Steam-Electric Power Plants 4to 

Hydroelectric Developments and Engineering . 4to 

KoUer, T. The UtOization of Waste Products.... 8vo 

Cosmetics ^ * 

Koppe, S. W. Glycerine .’//.iimo,’ 

Kozmin, P. A. Flour Milling. Trans, by M. Falkner .8vo' 

Kremann, R. Application of the Physico-Chemical Theory to Tech- 
nical Processes and Manufacturing Methods. Trans, by H 

E, Potts Rvn 

Kretchmar, K. Yam and Warp Sizing ' ‘ 


15 00 
3 50 
*2 50 
*2 00 
I 50 
O 75 
"*2 50 
*2 00 

*3 00 
*i 50 

50 

*2 00 


4 

00 

*3 

00 

10 

00 

’♦‘i 

00 

7 

50 


50 


00 

*1 

50 

*5 

00 

*6 

50 

3 

00 

2 

50 


25 


25 

**'1 

00 


00 

^5 

00 

*5 

00 


50 

*3 

50 

7 

30 

*3 

00 

*5 

00 


Laffargue, A. Attack in Trench Warfare 

the Steam Engine xaSo’ 

Lambert, T. Lead and Its Componnds. . ® 

Bone Products and Manures g ’ 

Lambom, L. L. Cottonseed Products i 'sv ’ 

Modem Soaps, Candles, and Glycerin o— * 

Lamprecht, B. Recover^^ Wo k After Pit Firis.’ ’ TransViy' C. Salto; 

^ncasto, M. Electric Cooking, Heating and Cleaning 
LanAe^.P.W. Aerial Flight Two Volumes, gvo ' ’ 

VoL L Aerodynamics 

Vol. 11. Aerodonefics * 


o 50 
*2 00 
*3 50 
*3 50 
**“3 00 
*7 50 

*5 00 
00 


’*'6 00 
*6 00 
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I-anchester, F. W, The Flyinj^ Machine 

■ Industrial Engineering: Present and Pest-War Outloek. . 

Tange, K. R. By-Products of Coal Gas Manufacture ....... 

Tamer, E. T. Principles of Alternating Currents omt. 

Ta Rue, B. F. Swing Bridges. (Science Series No. X07. lomo* 
Tassar-Cohn. Dr. Modem Scientific Chemistry. Tram, by M. M, 

Pattison Muir 1 3 mO| 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Science Series No. 57.) . . limto, 

Latta, M. N, Handbook of American Gas-Engineering Practice Svo, 

— American Producer Gas Practice 

Laws, B. C. Stability and Equilibrium of Floating Bodies ..... ivo, 
Lawson, W. R. British Railways. A Financial and Commeiciil 

Survey Svo, 

Leask, A, R. Breakdowns at Sea lamo, 

— Refrigerating Machinery i imo, 

Lecky, S. T. S. ^‘Wrinkles’^ in Practical Navigation. Hvo, 

- — _ Pocket Edition 1 anto, 

■— Danger Angle .................... itimo, 

Le Doux, M. Ice-Making Machines. (Science Seritm No. 46, l itimib 
Leeds, C. C. Mechanical Drawing for Trade Schools. . . oblong 4to, 

— — Mechanical Drawing for High and Vocational Schooli. .. . 4to, 
Tef6vre, L. Architectural Pottery. Trans* by H. IC. Bird and W. M. 

Binns . 4to, 

Tehne:, S. Ink Manufacture. Trans, by A. Morris and H. Robion .Svo, 
Temstrom, S. Electricity in Agriculture and Horticulture. .8vo, 

Letts, E, A. Fundamental Problems in Chemistry 

Te Van, W. B. Steam-Engine Indicator. (Science Series No. 7aKibiiifi, 
Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Striet,) , .ivo, 

~ — Carbonization of Coal .ivo, 

Lewis, L. P, Railway Signal Engineering .Sfo, 

Lewis Automatic Machine Rifle ; Operation of ibmo, 

Licks, H. E. Recreations in Mathematics lam#, 

Lieber, B. F. Lieber’s Five Letter American Ttlegraphie Code ,ivo, 
— — Spanish Edition Bm, 


*1 15 

^1$ i*ti 


— French Edition ,ivri, *t$ ii» 

— Terminal Index 

— Lieber»s Appendix ^ folio, *is tto 

— — Handy Tables 410, 4it, 

Bankers and Stockbrokers^ Code and Merchants tad Shlppftri'^ 

Blank Tables ivo, *t% 00 

— 100,000,000 Combination Code Hvn, *ttt #0 

— Engineering Code , iv«i, j 50 

Livermore, V. P., and Williams, J. How to Become a Compiteat Motor- 

^ ^ , 1 *1 

Livingstone, R. Design and Construction of Commutalori, , , ,8vo, *ttm 

— Mechanical Desipi and Construction of Generators. §1* 

Lloyd, S. L. Fertilizer Materials. riffifi. j tm 

Lobben, P. Machinists’ and Draftsmen’i Handbook , 1 50 

Lockwood, T. D. Electricity, Magnetism, and llectro-telepipb , 8vo, a 
Electrical Measurement and the Galvanometer 
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Lodge, O. J. Elementaiy Mechanics . omo* i 50 

Signalling Across Space without Wires ........... ... HvtH * j 00 

Loewenstein, L. C., and Crissey, C. P. Centrifugal Pump ...... *4 $0 

Lomax, J. W. Cotton Spinning umo, t 511 

Lord, R. T. Decorativie and Fancy Fabrics .Sfo, *’3 5a 

Loring, A. E. A Handbook of the Electromagnetic Telegraph . 

(Science Series Ho. o 75 

Low, D. A. Applied Mechanics (Elementary) i6mo, 0 80 

Lubschez, B. J. Perspective . *1 30 

Lucke, C. E. Gas Engine Design Hvo* *3 m 

Power Plants; Design, Efficiency, and Power Costs, a vols. 

(in PrfptmtinHi.} 

Luckiesh, M. Color and Its Application Svo, *3 

Light and Shade and Their Applications ....8vo, 50 

Lunge, G. Coal-tar and Ammonia. Three Volumes. Svo, ^15 on 

Technical Gas Analysis Svo, *4 50 

— Manufacture of Sulphuric Acid and Alkali. Four Volumes ... 8fo, 

Vol. I. Sulphuric Acid. In three parts . *1 g 00 

Vol. I. Supplement .Svo, 5 m 


Vol. II. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

par’is ...... I /a I 

Vol. HI Ammonia Soda J in / V«',m ) 

Vol. IV Electrolytic Methods. .{in /VfW.) 

-Technical Chemists* Handbook... ..lamo, leather, 

-Technical Methods of Chemical Analysis. Trans, by C, A, Keane 
in collaboration with the corps of specialists. 

Vol. I. In two parts .Svo, 

Vol. n. In two parts Svo, 


•4 00 


IS m 
*ii m 


Vol. III. In two prta Svo, *iS 00 

The set (3 vols.) complete *50 00 

Luquer, L. M. Minerals in Rock Sptions .Svo, fo 


MacBride, J. D. A Handbook of Practical Shipbuilding, 

lamo, fibrlkoid, « 00 


Macewen, H. A. Food Inspection. gfo, *3 50 

Madkenzie, N. F. Notes on Irrigation Works fve, *1 50 
Mackie, J. How to Make a Woolen Mill Pay. .gvo, m 


Maguire, Wm. R. Domestic Sanitary Drainage and Humhlng , . , Jfo, 4 00 
Malcolm, H. W. Submarine Telegraph Cable. , g i© 

Mallet, A. Compound Engines. Trans, by R. R. BueL (^Itnct Serlts 
Ko. 10.) 

Mansfield, A. N. Electro-magnets, (Science Series No. §4,h..mm% o 75 
Marks, E, C. R, Construction of Cranes and Lifting Machiniry, iimo, *1 75 


Construction and Workbg of Pumps laiiio, 

Manufacture of Iron and Steel Tubes iwio, m 

— Mechanical Engineering Materials, mmn^ * t 50 

Marks, G. C. Hydraulic Power Engineering. jvo, 4 50 

— Inventions, Patents and Designs , iimo, *1 00 

Marlow, T. G. Dr^g Machinery md f^actice *4 00 
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Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, 

— »• Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards . 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Coa- 

Crete Block Construction ..i6mo, fabrikoid {!{( /Vtxv ) 

Marshall, W. J., and Sankey, H. R. Gas Engines. (Westminster Series.) 

8vo, 

Martin, G. Triumphs and Wonders of Modern Chemistry .8vo, 

_ Modern Chemistry and Its Wonders. .8vo, 

Martin, N. Properties and Design of Reinforced Concrete ...... ximo, 

Martin, W. D. Hints to Engineers.* ramo, 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

i2mo, 

Mathot, R. E, Internal Combustion Engines 8vo, 


Maurice, W. Electric Blasting Apparatus and Explosives .8vo, 

— Shot Firer’s Guide Bvo, 

Maxwell, F. Siilphitation in White Suga»* '.anufacture umo, 

Maxwell, J. C. Matter and ‘Motion. (Science Series No. 36.). 

i:6mo. 

Maxwell, W. H., and Brown, J, T. Encyclopedia of Municipal and Sani- 
tary Engineering, .4to, * 

Mayer, A. M. Lecture Notes on Physics .8vo, 

Mayer, C., and Slippy, J. C. Telephone Line Construction. ...... Svo, 

McCullough, E. Practical Surveying ... t2mo, 

— Engineering Work in Cities and Towns Svo, 

- ' - Reinforced Concrete rimo, 

McCullough, R. S. Mechanical Theory of Heat Svo, 

McGibbon, W. C. Indicator Diagrams for Marine Engineers Bvo, 

•—Marine Engineers’ Drawing Book. oblong 4to, 

McGibbon, W. C. Marine Engineers Pocketbook .....ramo, 

McIntosh, J. G. Technology of Sugar....... .8va, 

~ Industrial Alcohol ,8vo, 


— - Manufacture of Varnishes and Kindred Industries. Three Volumei. 
Svo. 

Vol. I. Oil Crushing, Refining and Bolling. 

Vol. n. Varnish Materials and Oil Varnish Making. ............ 

VoL. in. Spirit Varnishes and Materials 

M:Kay, C, W, Pundtmentai Principles of the Tefephona Buiiness. 

Svo. iin 

McKillop, M., and McKillop, A. D. Efficiency Methods. tamo, 

MiKnight, J. D,, and Brown, A. W. Marine Multitubular Boilers, . 
McMtster, J. B. Bridge and Tunnel Centres. (Science Series No, ao.) 

i6mo, 

McMechen, F. L- Tests for Ores, Minerals and Metals. ....... wmo, 

McPherson, J. A. Water-works Distribution. . * Svo, 

A. Modern Qm Works Practice .8to, 

MeUck, C. W. Dairy Laboratoiy Guide umo, 

* Mentor/’ Self-lnstructfon for Students in Gas Supply, lamo. 
Elementiry .................. , 

Advanced . . . , 

Me-ck, E, Chemical Reagents; Their Purity and Tests. Trana. by 


H. E. Schtnck ... ...... Svo, 

Merivare, J. H. Notan and Formulae for Mining Students. .... lamo, 

Menritt. Wm. H --- 


*2 50 
*1,50 


*x 00 
*'3 00 
■*3 00 
*2 50 
50 

*i 00 
■^4 oo 

*3 S«> 
*1 50 
3 75 

o 7S 

to 00 

2 00 
***3 00 
*2 00 
*3 00 

50 

3 SO 
^'3 SO 
*2 50 
♦4 50 
% 00 
*3 50 


*5 Of) 

*6 00 


t 50 

*a 

0 75 

*t CIO 

a 5c 

m 5 'i 

35 

2 5‘) 

a so 

1 00 

I 50 
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Mertens. Tactics and Technique of River Crossings. Translated by 


W. Kruger 8vo, 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. ^ 

Robson Svo, 

Messner, B. F. Radio Dynamics i2mo, 

Miller, G. A. Determinants. (t>cience Series No 105.) i6mo, 

Miller, W. J. Introduction to Historical Geology i2mo, 

Miboy, M- E. W. Home Lace-making i2mo, 

Mills, C. N. Elementary Mechanics for Engineers Svo, 

Mitchell, C. A. Mineral and Aerated Waters Svo, 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 
Industries Svo, 


Mitchell, C. F,, and G. A. Building Construction and Drawing. i2mo. 

Elementary Course 

Advanced Course 


Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) Svo, 

Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 

English Technical Terms 64mo, leather, 

Montgomery, J. H. Electric Wiring Specifications i6mo, 

Moore, E. C. S New Tables for the Complete Solution of Ganguillet and 

Kutteris Formula 8vo, 

Moore, Harold. Liquid Fuel for Internal Combustion Engines. . .Svo, 
Morecroft, J. H., and Hehre, F. W. Short Course in Electrical Testing. 

Svo, 

Morgan, A. P. Wireless Telegraph Apparatus for Amatexirs i2mo, 

Moses, A. J. The Characters of Crystals 8vo, 

and Parsons, C. L. Elements of Mineralogy 8vo 

Moss, S. A. Elements of Gas Engine Design. (Science Series No! 



The Lay-out of Corliss Valve Gears. (Science Series No. 119.) 

i6mo, 

Mulford, A. C. Botmdaries and Landmarks i2mo 

MuEin, J. P. Modem Moulding and Pattern-making i2mo ^ 

Munby, A. E. Chemistry and Physics of Building Materials. (West- 
minster Series.) 

Murphy, J. G. Practical Mining i6mo* 

Murray, J. A. Soils and Manures. (Westminster Series.) 8vo] 

Nasmith, J. The Student’s Cotton Spiniing 

Recaat Cotton Mill Construction i2mo* 

Neave, G. B., and Heilbron, I. M. Identification of Organic Compounds! 

Neilson, R. M. Aeroplane Patents g^^ 

Nerz, F. Searchlights. Trans, by C. Rodgers ! ! 

Neuherger, H., and Noalhat, H. Technology of Petroleum. Trans by 
J. G. McIntosh ^ 

W. Drawing, Sizing and Cutting Bevellgeais" slo 

and Flett, J. S. James Geikie, the Man and th^ 

V- Managers.' ! ' ' ' To 

ewell, F. E., and Drayer, C. E. Engineering as a Career, .izmo, cloth’ 

Kicol, G. Ship Construction and Calcnlations ^“0“’ * 

Mpher, P. E. Theory of Magnetic Measurements xamn ’ 


2 50 

*2 50 

*•*2 00 

*2 00 
00 
*I 00 

*3 00 

3 50 

*i SO 
*2 50 
*2 00 

00 

*i 00 

*6 00 
5 00 

*l 50 
*l 50 
*2 00 
*3 50 

o 75 

0 75 
*x 00 

2 50 

*2 00 

1 on 
*2 on 

4 50 

2 so 

25 
*2 00 
*3 00 

10 00 
I 50 

3 50 
H 50 

00 
o 75 
10 00 
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Wisbet, H. Grammar of Textile Design 7 5 ^ 

Nolan, H. The Teleseope. (Science Series No. 51-) .,i6mo, 0 75 

Norie, J. W. Epitome of Navigation (2 Vols.) octavo, 15 

A Complete Set of Nautical Tables with Explanations ot Their 

Use octavo, 6 so 

North, H. B. Laboratory Experiments in General Chemistry. .. ..lamo, *1 00 


Ohm, G. S., and Lockwood, T. D- Galvanic Circv.t Translated by 

William Francis (Science Series No. 102.) j6mo, o 7S 

Olsen, J. C. Text-book of Quantitative ChamLul Analysis bvo, 3 50 

Olsson, A. Motor Control, in Turret Turning and Gun Elevating, i U, S. 

Navy Electrical Series, No. i.) iimo, paper, *0 50 

Oimsby, M. T. M. Surveying 11 mo, 

Oudin, M. A. Standard Polyphase Apparatus and Systems Svo, 

Owen, D. Recent Physical Research Svo, 

Pakes, W. C. C., and Nankivell, A. T. The Science ot Hygiene . ,Hvo, "1 7^ 
Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr. . Svo, *4 00 

Palmer, A. R. Electrical Experiments lamo, o 75 

--Magnetic Measurements and Experiments tamo, 0 ;5 

Pamely, C. Colliery Manager^s Handbook Svo, 00 

Parker, P. A. M. The Control of Water Svo, *s on 

Parr, G. D. A. Electrical Engineering Measuring Instruments. .. .Svo, *3 5^^^ 

Parry, E. J, Chemistry of Essential Oils and Artificial Perfumes. 

— —Foods and Drugs, Two Volumes. 

Vol. I. Monograghs on Essential Oils < *9 op 

V«l. XL Constituents of Essential Oils, Analysis . , . 

-and Coste, J. H. Chemistry of Pigments Svo, 00 

Parry, L. Notes on Alloys Svo, *3 50 

— -Metalliferous Wastes Bm, *1 50 

— Analysis of Ashes and Alloys Svo, *2 50 

Parry, L. A. Risk and Dangers of Various Occupations Svo, 50 

Parshall, H. F., and Hobart, H. M. Armature Windings 4to, 50 

— — -Electric Railway Engineering ^to, *7 50 

Parsons, J. L. Land Drainage .8vo, 50 

Parsons, S, J Malleable Cast Iron ,8vo, *i 50 

Partington, J. R. Higher Mafeematics for Chemical Student!, .xamo, m 

— Textbook of Thermodynamics. .avo, *4 00 

— The Alkali Industry 8v#, 3 m 

Passmore, A. C. Technical Terms Used in Architecture, ...... .Svo, ’"j 50 

Patched, W. H. Electric Power in Mines Svo, *4 00 

Paterson, G. W, L. Wiring Calculations lamo, *2 

— Electric Mine Signalling Installations. ramo, + 1 sn 

Patterson, D. The Color Printing of Carpet Yarns.... ....8vo, *3 5*1 

— ■ Color Matching )n Textiles. .avo, *3 

— Textile Color Mixing. .Svo, '**3 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes Bvo, *1 cio 

— —Transmission of Heat through Cold-stocage Insulation iimo, 00 

Payne, D. W. Iron Founders' Handbook. . . .Svo, *4 ck;i 

Peddie, R. A. Engineering and Metallurgical Books iimo, *t $0 

Peirce, B, System of Analytic Mechanics. ......... ............. . 410, 10. oo 

Linnear Associative Algebra .^to, 3 m 

Pendred, V, The Railway Locomotive. (Westminster Series.). . , . .8vo. *1 m 
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Perkin, F. M. Practical Methods of Inorganic Chemistry i2mo, 

Perrin, J. Atoms 8vo, 

and Jaggers, E. M. Elementary Chemistry i2mo, 

Perrine, F. A. C. Conductors for Electrical Distribution 8vo, 

Petit, G. White Lead and Zinc White Paints 8vo, 

Petit, R. How to Build an Aeroplane. Trans, by T. O’B. Hubbard, and 

J. H. Ledeboer 8vo, 

Pettit, Lieut, J. S. Graphic Processes. (Science Series No. 76.) .i6mo, 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) . . . i6mo, 

Phillips, J. Gold Assaying 8vo, 

Dangerous Goods 8vo, 

Phin, J. Seven Follies of Science 12 mo, 

Pickworth, C. N. The Indicator Handbook. Two Volumes. . i2mo, each, 

Logarithms for Beginners 12 mo. boards, 

The Slide Rule lamo, 

Pilcher, R. B., and Butler-Jones, F. What Industry Owes to Chemical 

Science i2mo, 

Plattner’s Manual of Blow-pipe Analysis. Eighth Edition, revised. Trans. 

by H. B. Cornwall 8vo, 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) 

i6mo, 

How to Become an Engineer. (Science Series No. 100.) . . . i6mo, 

Van Nostrand's Table Book. (Science Series No. 104.) i6mo, 

pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 29.) i6mo, 

Pocket Logarithms to Four Places. (Science Series No. 65.) . . . i6mo., 

leather, 

Polleyn, F. Dressings and Finishings for Textile Fabrics 8vo, 

Pope, F. G. Organic Chemistry i2mo, 

Pope, F. L. Modem Practice of the Electric Telegraph 8vo, 

Popplewell, W. C. Prevention of Smoke 8vo, 

Stren^ of Materials 8vo, 

Porritt, B. D. The Chemistry of Rubber. (Chemical Monographs, 

No. 3.) 

Porter, J. R. Helicopter Flying Machine i2mo, 

Potts, H. E. Chemistry of the Rubber Industry. (Outlines of Indus- 
trial Chemistry) g^Q 

Practical Compounding of Oils, Tallows and Grease. *8vo' 

Pratt, K. Boiler Draught * 

High Speed Steam Engines ...8vo 

Jr* Twenty Years with the Indicator 8vo,^ 

Steam Tables and Engine Constant 8vo* 

PreUni, C. Earth and Rock Excavation, gvo 

Graphical Deternunation of Earth Slopes. 8vo[ 

Tunneling. New Edition ..!!!!! 8vo' 

Dredging. A Practical Treatise.... .8vo* 

Prescott, A. B, Organic Analysis 8vo* 

Prescott, A. B., and Johnson, 0. C. QnaHtative Chemical Analysis . . . 8voi 
Prescott, A. B., and SnUlvan, E. C. First Book in Qualitative Chemistry. 

i2mo, 

Pndeaux, E. B. R. Problems in Physical Chemistry ...... 8vo 

^The Theory and Use of Indicators... 0^2 

Primrose, G. S. C. Zinc. (Metallurgy Series.) .V//. * ’ ‘ ” VVJ dIL- V 


’*'1 00 
^'2 50 
^*‘1 00 

*3 50 
"’*2 00 

*I 50 

0 75 

*3 75 
3 50 
50 

1 50 

0 50 

1 50 

I $0 

*4 00 

o 75 
o 75 
o 75 

o 75 

0 75 

1 00 
*3 50 

2 50 
I 50 

*3 50 
*2 50 

00 

1 50 

*2 50 
*3 50 
*I 25 
*2 00 

2 50 
2 00 

*3 00 
*2 00 
*3 00 
*3 00 
5 00 
*3 50 

*i 50 
*2 00 
5 00 



D, VAN NOSTRAND CO.’S SHORT TITLE CATALOG 


23 

ice, G. T. Flow of Water 121110, *2 00 

st, E. Manual of Chemical Analysis 8vo, 6 00 

I, E. Modern Steam Boilers 8vo, 5 00 

en, W. W. F. Application of Graphic^ Methods to the Design of 

Structures i2mo, *2 50 

-Injectors: Theory, Construction and Working i2mo, *2 00 

Indicator Diagrams 8vo, *2 50 

-Engine Testing Svo, *5 50 

sch, A. Gas and Coal-dust Firing 8vo, 50 

chon, T. R, Introduction to Chemical Physics 8vo, 3 00 

ter, G, W. Mechanics of Ventilation. (Science Series No. 33.) .i6mo, o 75 

- Potable Water. (Science Series No. 103.) i6mo, o 75 

-Treatment of Septic Sewage. (Science Series No. ii8.)..i6mo, o 75 

ter, G. W., and Baker, M. N. Sewage Disposal in the United States. 

4to, *6 00 

kes, H. P. Sewage Disposal Works 8vo, ’“400 

idau, P. Enamels and Enamelling 8vo, *5 00 

ikine, W. J. M. Applied Mechanics 8vo, 5 00 

- Civil Engineering 8vo, 6 50 

» Machinery and Millwork 8vo, 5 00 

- The Steam-engine and Other Prime Movers. 8vo, 5 00 

ikine, W, J. M., and Bamber, E. F. A Mechanical Text-book.. . .8vo, 3 50 

isome, W. R. Freshman Mathematics i2mo, 35 

ihael, F. C. Localization of Faults in Electric Light and Power Mains. 

Svo, 3 50 

ich, E. Electric Arc Phenomena. Trans, by K. Tornherg Svo, ’^2 00 

hbone, R. L. B, Simple Jewellery Svo, ^2 00 

eau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Brydon Svo 50 

isenberger, F. The Theory of the Recoil Guns Svo, *5 00 

itenstrauch, W. Notes on the Elements of Machine Design. Svo, boards, 50 

itenstrauch, W., and Williams, J« T, Machine Drafting and Empirical 
Design. 

Part L Machine Drafting Svo, ***1 25 

Part IL Empirical Design (In Preparation.) 

p-mond, E. B. Alternating Current Engineering i2mo, *2 50 

rner, H. Silk Throwing and Waste Silk Spinning Svo, 

dpes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

8vo, *5 00 

ipes for Flint Glass Making lamo, *^5 00 

ifem, J. B., and Savin, J. Bells, Telephones (Installation Manuals 

Series.) ....... i6mo, '*'0 50 

Igrove, H. S. Experimental Mensuration. lamo, 25 

Iwood, B. Petroleum. (Science Series No, 92.) o 75 

id, S. Turbines Applied to Marine Propulsion *5 00 

id% Engineers^ Handbook 8 vo, 00 

- Key to the Nineteenth Edition of Reed^s Engineers* Handbook. .8vo, 4 00 

-Useful Hints to Sea -going Engineers ....i2mo, 3 00 

d, E. E. Introduction to Research in Organic Chemistry. (In Press.) 
nhardt, C, W. Lettering for Draftsmen, Engineers, and Students. 
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Reinhardt, C. W. The Technic of Mechanical Drafting, 

oblong, 4to, boards, '•'i oo 

Reiser, F. Hardening and Tempering of Steel. Trans, by A. Morris and 

H. Robson i2mo, =’'2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson 8vo, *2 50 

Spinning and Weaving Calculations 8vo, '*'5 00 

Renwick, W. G. Marble and Marble Working 8vo, 5 00 

Renleaux, F. The Constructor. Trans, by H. H. Suplee 4to, *4 00 

Rey, Jean. The Range of Electric Searchlight Projectors 8vo, *4 50 

Reynolds, 0 ., and Idell, F. E. Triple Expansion Engines. (Science 

Series No, 99.) i6mo, o 75 

Riiead, G. F. Simple Structural Woodwork i2mo, *i 25 

Rhead, G. W. British Pottery Marks 8vo, 3 50 

Rhodes, H. J. Art of Lithography 8vo, 5 00 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions i2mo, o 50 

Richards, W. A. Forging of Iron and Steel i2mo, i 50 

Richards, W. A., and North, H. B. Manual of Cement Testings . . . i2mo, *i 50 

Richardson, J. The Modern Steam Engine .8vo, *3 50 

Richardson, S. S. Magnetism and Electricity i2mo, *2 00 

Rideal, S. Glue and Glue Testing 8vo, 00 

Riesenberg, F, The Men on Deck lamo, 3 00 

Standard Seamanship for the Merchant Marine. i2mo (In Press.) 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps 8vo, *i 75 

Rings, F. Reinforced Concrete in Theory and Practice i2mo, *4 50 

Reinforced Concrete Bridges 4to, *5 00 

Ripper, W Course of Instruction in Machine Drawing folio, *6 00 

Roberts, F. C. Figure of the Earth. (Science Series No. 79.) . . i6mo, o 75 

Roberts, J., Jr. Laboratory Work in Electrical Engineering 8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, 2 00 

Robinson, J. B. Architectural Composition 8vo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series No. 24.) i6mo, o 75 

Railroad Economics. (Science Series No. 59.) i6mo, o 75 

Wrought Iron Bridge Members. (Science Series No. 6o.)..i6mo, o 75 

Robson, J. H. Machine Drawing and Sketching 8vo, '*'2 00 

Roebling, J. A, Long and Short Span Railway Bridges folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry 8vo, 2 00 

Elements of Industrial Chemistry i2mo, *3 00 

Manual of Industrial Chemistry 8vo, *5 00 

Rogers, F, Magnetism of Iron Vessels. (Science Series No. 30.) 

i6mo, o 75 

Rohland, P. Colloidal and Crystalloidal State of Matter. Trans, by 

W. J. Britland amd H. E. Potts i2mo, *i 25 

RoUmson, C. Alphabets Oblong, i2mo, *i 00 

Rose, J. The Pattern-makers’ Assistant 8vo, 250 

Key to Engines and Engine-running i2mo, 2 50 

Rose, T. K. The Precious Metals. (Westminster Series.) 8vo, *2 00 

Rosenhain, W. Glass Manufacture. (Westminster Series.) 8vo, *200 

Physical Metallurgy, An Introduction to. (Metallurgy Series.) 

8vo, *3 50 

Roth, W. A. Physical Chemistry 8vo, *2 00 
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wan, F. J. Practical Physics of the Modern Steam-boiler 8vo, *3 00 

— and Idell, F. E. Boiler Incrustation and Corrosion. (Science 

Series No, 27.) i6mo, o 75 

xburgh, W. General Foundry Practice. (Westminster Series.) .8vo, 
hmer, E. Wireless Telephony. Trans, by J. Erskine-Murray . .8vo, *4 

ssell,- A. Theory of Electric Cables and Networks 8vg, *3 

st, A. Practical Tables for Navigators and Aviators 8vo, 3 

tley, F. Elements of Mineralogy i2mo, 


ndeman, E. A. Notes on the Manufacture of Earthenware. .. i2mo, 3 

aford, P. G. Nitro-explosives 8vo, *4 

imders, C. H. Handbook of Practical Mechanics i6mo, i 

leather, i 

jrers, H. M. Brakes for Tram Cars .8vo, 

tieele, C. W. Chemical Essays Svo, *2 

Keithauer, W. Shale Oils and Tars Svo, *4 

herer, R. Casein. Trans, by C, Salter Svo, ="3 

[lidrowitz, P. Rubber, Its Production and Industrial Uses Svo, *6 

[lindler, K. Iron and Steel Construction Works i2mo, '*‘2 

imall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, half leather, *i 

— and Shack, S. M. Elements of Plane Geometry izmo, i 

imeer, L. Flow of Water Svo, *3 


iumann, F. A Manual of Heating and Ventilation izmo, leather, i 

[iwarz, E. H. L. Causal Geology Svo, *3 

tiweizer, V. Distillations of Resins Svo, 5 

ott, A. H. Reinforced Concrete in Practice izmo, 2 

ott, W. W. Qualitative Analysis. A Laboratory Manual. New 

Edition z 

— Standard Methods of Chemical Analysis Svo, *6 

ibner, J. M. Engineers^ and Mechanics’ Companion. .i6mo, leather, i 

uddecr, H. Electrical Conductivity and Ioni2;ation Constants of 

Organic Compounds Svo, *3 

amanship. Lectures on izmo, 2 

arle, A. B. Modern Brickmaking. : Svo (In Press.) 

— Cement, Concrete and Bricks Svo, *6 


arle, G. M. ‘‘Sumners’ Method.” Condensed and Improved. 

(Science Series No. 124.) I'Smo, o 

iton, A. E. Manual of Marine Engineering Svo 8 

aton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi- 
neering i6mo, leather, s 

5ligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Gutta Percha. Trans, by J. G. McIntosh Svo, 

idell, A. Solubilities of Inorganic and Organic Substances. .. .Svo, 3 

ligman, R. Aluminum. (Metallurgy Series.) (In Press.) 

Hew, W. H. Steel Rails 4to, *10 

— Railway Maintenance Engineering i2mo, *2 

nter. G. Outlines of Physical Chemistry izmo, *2 

— Text -book of Inorganic Chemistry izmo, *3 

ver, G. F. Electric Engineering Experiments Svo, boards, 

ver, G. F., and Townsend, F. Laboratory and Factory Tests in Elec- 
trical Engineering 8vo, *2 5® 
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Sewall, C. H. Wireless Telegraphy 8vo, 

Lessons in Telegraphy lamo, 

Sewell, T. The Construction of Dynamos 8vo, 

Sexton, A. H. Fuel and Refractory Materials i2mo, 

.Chemistry of the Materials of Engineering i2mo, 

Alloys (Non-Ferrous) 8vo,, 

Sexton, A. H., and Primrose, J. S. G. The Metallurgy of Iron and Steel, 

8vo, 

Seymour, A. Modern Printing Inks 8vo, 

Shaw, Henry S. H. Mechanical Integrators. (Science Series No. 83.) 

i‘ 5 ma, 

Shaw, S. History of the Stafiordshire Potteries .8vo, 

Chemistry of Compounds Used in Porcelain Manufacture. .. .8vo, 

Shaw, T. R. Driving of Machine Tools i2nio, 

Precision Grinding Machines ismo, 

Shaw, W. N. Forecasting* Weather 8vo, 

Sheldon, S., and Hausmann, E. Direct Current Machines. i2mo, 

Alternating Current Machines i2mo, 

Sheldon, S., and Hausmann, E. Electric Traction and Transmission 
Engineering i2mo, 


Physical Laboratory Experiments, for Engineering Students. .8vo, 

Sherriff, F. F. Oil Merchants^ Manual and Oil Trade Ready Reckoner, 

8 VO, 

Shields, J. E. Notes on Engineering Construction i2mo, 

Shreve, S. H. Strength of Bridges and Roofs 8vo, 

Shunk, W. F. The Field Engineer i2mo, fabrikoid, 

Simmons, W. H., and Appleton, H. A. Handbook of Soap Manufacture, 

8 VO, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils 8vo, 

Simpson, G. The Naval Constructor i2mo, fabrikoid, 

Simpson, W, Foundations 8vo. (In Press.) 


Sinclair, A. Development of the Locomotive Engine. . . 8vo, half leather, 
Sindall, R. W. Manufacture of Paper. (Westminster Series.) . .. .8vo, 


*2 00 
00 
*3 00 
*2 50 
*3 00 
*3 00 

*6 50 
*2 50 

0 75 

2 50 
*6 00 
*2 00 

5 00 
*3 50 
*2 50 
*2 50 

*2 50 
*i 25 

3 50 

1 50 
3 50 

2 50 

*4 CO 

*3 50 
^5 00 


5 00 
*2 00 


Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp 8vo, *2 50 

Sloane, T. O^C. Elementary Electrical Calculations* i2mo, *2 00 

Smallwood, J. C. Mechanical Laboratory Methods. (Van Nostrand’s 

Textbooks.) i2mo, fabrikoid, *3 00 

Smith, C, A. M. Handbook of Testing, MATERIALS . 8vo, *2 50 

Smith, C. A. M., and Warren, A. G. New Steam Tables 8vo, *i 25 

Smith, C. F. Practical Alternating Currents and Testing 8vo, *3 50 

Practical Testing of Dynamos and Motors 8vo, "^3 00 


Smith, F. E. Handbook of Gene»-«^ ^or Mechanics . . ,i2T!:?o, i 50 

Smith, G. C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their 

Manufacture and Pronerties i2mo, 200 

Smith, K. G, Minerals and the Microscope.. i2mo, *i 25 

Smith, T. C. Manufacture of Paint 8vo, *5 00 

Smith, R. H. Principles of Machine Work i2mo, 

Advanced Machine Work i2mo, ’''3 00 

Smith, W. Chemistry of Hat Manufacturing i2mo, *3 50 

Snell, A. T. Electric Motive Power 8vo, *4 00 

Snow, W. G. Pocketbook of Steam Heatin£>^ and Vaptilation. (Tn Press.) 

Snow, W. G., and' Nolan, T. Ventilation of Buildings. (Science Series 

No. i6mo, 0 

Soddy, F. Radioactivity 8vo, *3 00 
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ion, M. Electric Tamps. (Westminster Series.) 8vo, *2 00 

xscales, A. K. Mechanics for Marine Engineers omo, *2 00 

Mechanical and Marine Engineering Science .Svo, *5 00 

;rn, J. W. The Marine Steam Turbine 8^0, +ri 50 

V’erbal Notes and Sketches for Marine Engineers Sto, 50 

srn, J. W., and Sothern, R. M. Elementary Mathematics for 

Marine Engineers.. *1 50 

Simple Problems in Marine Engineering Design. lamo, 

:er, E. 0 . W, Design of Factory and Industrial Buildings. . .8vo, 4 00 

icombe, J. E. Chemist of the Oil Industries. (Outlines of In- 
dustrial Chemistry.) • . *3 00 

,et, D. H. Dyeing and Stainir^ Marble. Trans, by A. Morris and 

H. Robson 8vj, *2 50 

^enburg, L, Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. 23.) ;6mo, o 75 

it, G. J,, Hardy, A, S., McMaster, J. B., and Walling. Topographical 

Surveying. (Science Serit^s No, 7a.)...., ibrno, 075 

cer, A. S. Design of Steel Framed Sheds. .Bvo, *3 50 

ers, C. L. Text-book of Physical Chemistry .Bvo, 50 

;el, L. Chemical Constitution and Physiological Action. ( Trans. 

by C. Luedeking and A. C. Boylston. ) lamo, i 25 

gue, E. H, Hydraulics . i uno, i u'i 

Elements of Graphic Statics Hvo, !.i c.o 

Stability of Masonry. . i‘uno, a ao 

Elementary Mathematics for Engineers lamo, 2 00 

Stability of Arche« uno, 2 m 

Strength of Struct unil Elements, lamo, a 00 

Moving Loads by Iiitluance Lines and Other Methods. ...... i. nun, a cm 

, A. W. TransmiHHion of Power. (Science Series No. aS.) . i6mo, 

,, A. W., and Waodn, A. T. Elamentaiy Mechanism , ..... ramo, 00 
y, C., and Pitrion, O. S. The Separate System of Sewerage. . .8vo, *s 00 
dage, H. C. Laatherworkiinf Manual. .Svo, ^ 3 5a 

Sealing Waxes, Wafers, and Other Adhesives,.... Bvo, 50 

Afghitinants of all Kindst for all Purposes......... lamo, '^4 50 

ley, H. Practical Applied Phyiki (/n I 

ibie, J. H. Iron and Steel. (Westminster Series.) ,Svo, 00 
iiiian, F. M. Dnit Photography. ......................... lamo, *300 

aer, G. E. Cork. Its Origin and Industrial Uses. tamo, 1 00 

fthdl, A., and ?oit, E. Applied Optka. ,.,Bvci, 500 

uatn, D, B. Suspension Bridges and Cantilevers. (Science Sorki 

No. 127. 1 , . . « 7S 

Melan^'s Steel Archirs and Suspension Bridges. .8vo, *^3 tm 
em, E. J. Field Ttflephones and Telegraphs. i 20 
tas, H. P. Paper Mill Chemist i6mo ( In /'rc.w. 1 

ens, J. S. Theory of Meiwrements. . ramo, “^1 35 

enson, J. L, Blast-Fwrntce Calculations iimo, leather, 00 

mrt, G. Modern St#am Trapi. ismii, '*1 75 

i, A. Tables for Fteld Engineers . lamo, 1 00 

Ola, A. Steam Turbines. Trans, by L. C. Loewinsttla. . Avo, ^5 00 

e, H. Tht Timbers of Commerce Svo, 3 50 

it, M. Ancient Plants ^ Svo, *m m 

The Study of Plant Lift Svo, *3 00 

>orough| J. J,, and T. C. Practical Organic Chemistry. , lamo, *2 00 

ling, E. 1 . Treatise os the Art of Olasa Fainting. ...... .8vo, 50 
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Sullivan, T. V., and Underwood, N. Testing and Valuation of Build- 
ing and Engineering Materials ^ (Iw Press.) 

Sur, F. J- S. Oil Prospecting and Extracting 8vo, 

Svenson, C. L. Handbook on Piping 8vo, 

Essentials of Drafting 8vo, 

Swan, K. Patents, Designs and Trade Marks. (Westminster Series.). 

8 VO, 


Swinburne, J., Wordingbam, C, H., and Martin, T. C. Electric Currents. 


(Science Series No. 109.) i6mo, 

Swoope, C. W. Lessons in Practical Electricity i2mo. 


*I 00' 

4 oo 
I 50 

*2 00 

o 75 
*2 00 


Tailfer, L. Bleaching Linen and Cotton Yam and Fabrics 8vo, 

Tate, J. S. Surcharged and Different Forms of Retaining- walls. (Science 

Series No. 7.) i6mo, 

Taylor, F. N. Small Water Supplies i2mo, 

M&sonry in Civil Engineering 8vo, 

Templeton, W. Practical Mechanic’s Workshop Companion. 


i2mo, morocco, 

Tenney, E. H. Test Methods for Steam Power Plants. (Van 

Nostrand’s Textbooks.) i2mo, 

Terry, H. L. India Rubber and its Manufacture. (W estminster Series.) 

8vo, 

Thayer, H- R. Struetural Design. 8vo. 

Vol. L Elements of Structural Design 

VoL n. Design of Simple Structures 

Vol. in. D^ign of Advanced Structures (In Preparation.) 

Foundations and Masonry (In Preparation!) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, 

Thom, C., and Jones, W, H. Telegraphic Connections. . . .oblong, i2mo, 

Thomas, C- W. Paper-makers’ Handbook (In Press.) 

Thomas, J. B. Strength of Ships 8vo 

Thomas, RobL G. Applied Calculus i2mo (In Press.) 

Thompson, A. B, Oil Fields of Russia 4to, 

Oil Field Development * 

Thompson, S. P. Dynamo Electric Machines. (Science Series No. 75.) 


Thompson, W. P. Efendbook of Patent Law of All Countries 

Thomson, G. Modem Sanitary Engineering 

Thomson, G. S. Milk and Cream Testing 

— — Modmn Sanitary Engineering, House Drainage, etc 

Thoraley, T. Cotton Combing Machines 

Cotton Waste 

Cotton ^innmg. 8vo, 

First Year 

Second Year \ 

Third Year 


i6mo, 

. i6mp, 
i2mo, 
i2mo, 
.8vo, 

. .8vo, 

. .8 VO, 


Thurso, J. W. Modem Turbine Practice 8vo 

Tidy, Meymott. Treatment of Sewage. (Science Series No. 94.) 

Ti llma n s , J. Water Purification and Sewage Disposal. Trans, by 

Hugh S. Taylor 

Turney, W. H. GoM-mining Machinery ^ 

‘ntfierley, A. W. Laboratory Course of Organic Chemistry. . . . ! . ! groi 


7 00 

o 75 
*2 50 
*2 50 

2 00 
*2 50 

*2 OO 

*2 OC 
*4 00 


*3 50 

1 50 

2 50 

*7 50 
7 50 

0 75 

1 50 
*3 00 
*2 25 
*3 00 
*3 50 
■''3 50 

*1 50 
*3 50 
*2 50 
*4 00 

O 75 

*2 oo 

*3 00 
*2 00 
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ard, H. T, Indicators * * 4 * {In Press , ) 

d, M. Chemistry and Technology of Paints . 8 vo, *4 00 

“ Materials for Permanent Painting omo, *2 00 

, J., and McGibbon, W. C. Marine Engineers^ Board of Trade 

Examinations 8 vo, *200 

id, J,, and Whall, W. B. Practical Seamanship 8 vo, 8 00 

ge, J. Coal. (Westminster Series.) . 8 vo, *200 

rnsend, F. Alternating Current Engineering 8 vo, boards, *075 

v^nsend, J. S. Ionisation of Gases by Collision... Bvo, H 25 

nsactions of the American Institute of Chemical Engineers, 8vo. 

VoL L to X., 191)8-19x7 8vo, each, 6 00 

verses Tables, (Science Series No. 115.),. ibmo, o 75 


morocco, i 00 

iber, E. Foundry Machinery. Tran ;, by C. Salter <^21110, a 00 

ike, W,, and Housum, C. Shaft Gov<‘rnors. (Science Serie.s No. 1 22,} 

t6mo, o 73 

wbridge, W. P. Turbine Wheels. ( Science Series No. 44. ) . . limo, o 75 

;k©r, J. H, A Manual of Sugar Analysis . , Svp, 3 50 

met, P. A. Treatise on Roll-turning, Trans, by J. B. Pearse. 

Bvo, ’^ext and folio atlas, xo 00 

nbuU, Jr., J., and Robinson, S. W A Treatise on the Compound 

Steam-engine. (Science Ser (h No. 8.) i6mo, 075 

:ner, H. Worsted Spinners^ Handbook xamo, *3 00 

Till, S. M. Elementary Course in Perspective lamo, 15 

yford, H, B, Purchasing. 8vo, *^‘3 oo 

Storing, Its Economic Aspects and Proper Methods 8vo, 3 30 


ierhlU, C, R. Solenoids, Electromagnets and Eb^ctromagnatlG Wind- 


ings itimo, *2 00 

lerwood, N., and Sullivan, T. V. Chemistry and Technology of 

Printing Inks 8vo, *3 00 

[uhart, J. W. Electro-plating,... lamo, 2 00 

- Electrotyping ximo, 2 00 

>om©, P. O. G. Design of Simple Steel Bridges Bvo, *4 00 


iher, F. Food Inspectof s Handbook lamo, 

I Nostrand^s Chemical Annual. Fourth issue xpiS.-fabrikoid, rimo, *3 00 

-Year Book of Mechanical Engineering Data... {In Press.) 

i Wagenen, T. F. Manual of Hydraulic Mining i6mo, t 00 

p, Baron Von. Logarithmic Tables .Bvo, 3 50 

icent, C. Ammonia and its Compounds. Trans, by M. J. Salter Bvo, "^1 50 

k, C. Haulage ^nd Wlnditi^ ApotianceB Bvo, *4 00 

i Oeorgievics, G. Chemical Technology of Textile Fibres. Trans. 

by C. Salter . . . , . . ................ Hvo, 

-ChMnistry of Dyestuts. Trans by C. . 8vo. 

(New fuHtian in I*re(>nrntit} 7 h) 

;e, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Alvebra. (Science Series No. 16.) , . lOmo, o 73 
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Wabner, R. Ventilation in Mines. Trans, by C. Salter. ...... .8vo, 

Wade, E. J. Secondary Batteries 8vo, 

Wadmore, T. M. Elementary Chemical Theory i2mo, 

Wagner, E. Preserving Fruits, Vegetables, and Meat i2mo, 

Wagner, J. B. A Treatise on the Natural and Artificial Processes of 
Wood Seasoning 8vo, 


Waldram, P. J. Principles of Structural Mechanics i2mo, 

Walker, F. Dynamo Building. (Science Series No. g8.) .i6mo. 

Walker, J. Organic Chemistry for Students of Medicine 8 vo. 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 

Refrigeration, Heating and Ventilation on Shipboard i2mo, 

Electricity in Mining 8vo, 

Electric Wiring and Fitting 8vo, 

Wallis-Tayler, A. J. Bearings and Lubrication 8vo, 

Aerial or Wire Ropeways 8vo, 

Preservation of Wood Sto, 

Refrigeration, Cold Storage and Ice Making. 8vo, 

Sugar Machinery i2mo, 

Walsh, J. J. Chemistry and Physics of Mining and Mine Ventilation, 

i2mo, 

Wanklyu, J. A. Water Analysis i2mo, 

Wansbrough, W. D. The A B C of the Differential Calculus. .. .i2mo, 
Slide Valves lamo. 


Waring, Jr., G. E. Sanitary Conditions. (Science Smes No. 3i.).i6mo, 

Sewerage and Land Drainage 

Modem Methods of Sewage Disposal i2mo, 

How to Drain a House i2mo, 

Wames, A. R. Coal Tar Distillation. 8vo, 

Warren, F. D. Handbook on Reinforced Concrete .i2mo, 

Watkins, A, Photography. (Westminster Series.). 8vo, 

Watson, E. P. Small Engines and Boilers i2mo, 

Watt, A. Electro-plating and Electro-refining of Metals 8vo, 

Electro-metallurgy i2mo* 

The Art of Soap Making 3yo^ 

Leather Manufacture 3yQ 

Paper-Making 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. i2mo,' 
Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, 

Wegmann, Edward. Conveyance and Distribution of Water for 

Water Supply 

Weisbach, J. A Manual of Theoretical Mechanics 8vo,^ 

Weisbach, J, and Hemnann, G. Mechanics of Air Machinery. .^^Svo,’ 

Wells, M. B. Steel Bridge Designing 8yo 

WeUs, Robt. Ornamental Confectionery ... . . . . . * *. ’ * ' ‘ iamo,' 

mston, E. B. Loss of Head Due to Friction of Water in Pipes. . i2mo' 
Wheatley, 0 . Ornamental Cement Work 8vo, 

Whipple, S. An Elementary and Practical Treatise on Bridge Building! 


White, C. H. Methods of Metallurgical Analysis. 
Textbooks.) 


8vo, 

(Van Nostrand's 
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*i 50 
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3 00 
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o 75 
=^'3 00 

3 00 
*2 50 
*4 50 

2 50 

50 

*3 00 

4 00 

5 50 
*2 50 


*2 

00 

2 

00 

*2 

50 

*2 

oo 

0 

75 

*6 

00 

2 

00 

I 

25 

*5 

00 

*2 

50 

*3 

50 

I 

25 

*4 

50 

I 

00 

3 

00 

*4 

00 

3 

00 

I 

00 


00 

5 

00 

*6 

00 

^7 

50 

*3 

75 

*2 

50 

3 

00 


50 

*2 

25 

3 

00 



D, VAN NOSTRAND CO/S SHORT TITLE CATALOG 31 


kite, G. F. Qualitative Chemical Analysis i2mo, 25 

hite, G. T. xootued weaimg 121110, *2 00 

kite, H. J. Oil Tank Steamera iimo, i 5^ 

iiiteiaw, John. Surveying., Bvo, 450 

hittaker, C. M. The Application of the Coal Xar Dyestuffs. . .8vo, 3 00 

idmer, E. J. Military Balloons Bvo, 3 00 

ikox, R. M. Cantilever Bridges. Series JNo. 25.) . . . i6mo, o 75 

ilda, H, Steam Turbines. Trans, by C. Salter 121110, 2 00 

— Cranes and Hoists, Trans, by C. Salter rinio, '^"2 00 

ilkinson, H. D. Submarine Cable Laying and Repairing Bvo, ^6 00 

illiamson, J. Surveying Bvo, '3 00 

illiamson, R. S. On the Use of the Barometer 4to, 15 00 

— Practical Tables in Meteorology and Hypsometery ....4to, 2 50 

lison, F. J., and Heilbron, 1. M. Chemical Theory and Calculations. 

i2mo, H 25 

ilson, J. F, Essentials of Electrical Engineering.. ....Bvo, 2 50 

imperis, H. E. Internal Combustion P-ngiae Bvo, *^3 oo 

--Application of Power to Road Transport i2mo, *i 50 

Primer of Internal Combustion Engine lamo, ^1 00 

Inchell, R. H., and A, N. Elements of Optical Mineralogy .... .Bvo, *3 50 

inslow, A Stadia Surveying. (Science Series No. 77.) i6mo, © 75 

isser, Lieut, J. P. Explosive Materials, (Science Series No. 70.) 

i6mo, 0 75 

— Modern Gun Cotton. (Science Series No. 89,) i6mo, o 75 

olff, C, E, Modern Locomotive Practice Bvo, ‘*'4 ao 

ood, Be V, Luminiferous Aether. (Science Series No. 85.),.x6mo, o 75 
ood, J, K, Chemistry of Dyeing. (Chemical Monographs No, a.) 

lamo, *s 00 

orden, E. C. The Nitrocellulose Industry. Two Volumes Bvo, Go 00 

— Technology of Cellulose Esters. In to volumes. 8vo. 

Vol. VIII, Cellulose Acetate *5 00 

ren, H. Organometallic Compounds of Zinc and Magnesium. (Chem- 
ical Monographs No. 1.) xamo, ’G 00 

right, A, C. Analysis of Oils and Allied Substances 8vo, *3 50 

■—Simple Method for Testing Painters* Materials .Svo, *a 50 

right, F. W. Design of a Condensing Plant... lamo, 50 

'right, H. E. Handy Book for Brewers 8vo> *6 00 

right, J. Testing, Fault Finding, etc., for Wiremen. (Installation ■ 

Manuals Series.) i6mo, *0 50 

right, T. W. Elements of Mechanics. .... .................. . .8vo, *3 50 

right, T, W., and Hayford, J, F. Adjustment of Observations. . ,8vo, ^ ^3 m 
‘ynm, W. E., and Sparagen, W, Handbook of Engineering Mathe- 

matics 8vo, -*3 00 

Oder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears, 

Svo, '*3 00 

mug, J- E, Electrical Testing for Telegraph Engineers Svo, *4 00 

oung, R. B. The Banket... Svo, 3 50 

oungson. Slide Valve and Valve Gears Svo, 3 00 


ihner, R. Transmisiion of Power. (Science Series No. 4o.).,i6mo, 

ddler, J., and Lustgarten, J. Electric Arc Lamps. ........ .8vo, *3 oo 

inner, ^ A. Technical Thermodynamics. Trans, by J. F. Klein. Two 

Volumes, .......... Svo, *8 00 

mmer, G. F. Mechanical Handling and Storing of Materials, .410, ♦la 50 
— Mechanical Handling of Materia! and Its National Importance 

During and After the War. .4to, 4 00 

ipset, J. Textile Raw Materials. Trans, by C. Salter. ........ .svo. m 
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